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PREFACE. 



When a period of rapid development or sudden transition overtakes 
a branch of knowledge, one result is the appearance of new works 
on the subject. Such a development and transition has overtaken 
Otology within recent years. The modern treatment of middle-ear 
suppuration and its complications has thrown a responsibility on the 
general practitioner, and demands a knowledge of operative detail on 
the part of the aural surgeon which was not dreamt of fifteen years 
ago. The chief objects of this work are to spread a sense of that 
responsibility and knowledge. These objects could not be attained 
without carrying the practitioner back to his student days and asking 
him to make once again a serious study of the anatomy of the 
temporal bone. That the writer is not wanting in a sympathetic 
recognition of the difficulties of that study is made clear by the fact 
that he has called to his aid stereoscopic photography — perhaps a 
new departure in a book on diseases of the ear. 

Suppurative ear disease has been discussed at considerable 
length — at greater length than was possible with other departments 
of the subject were the book to be kept of reasonable size. A 
chapter of moderate size has been given to Deaf-Mutism, because 
this subject seems to the author to be treated in similar text books 
with too much brevity, and because he has had occasion to make a 
long study of this department of Otology. The portion of this 
chapter which deals with the delimitation of the residual hearing of 
Deaf Mutes is part of a Research conducted under the auspices of 
the Carnegie Trust, for the Universities of Scotland. 
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viii PREFACE. 



The work is a record of personal experiences. No attempt has 
been made to add a Bibliography, but due credit has been given 
to those who are contributinor to the advancement of Otoloo-y. 

The stereograms are placed together at the end of the work, 
and, wherever necessary, are accompanied by explanatory keys. 
They form a separate anatomical study, though their chief objects 
are to render the text clear, and to make involved anatomical 
description unnecessary. The reader is recommended to examine 
these pictures carefully before beginning the text of the work. rhe 
stereograms are the work of the writer and of his assistant and 
friend. Dr. John W. Leitch, to whom he takes this opportunity of 
returning his thanks. Dr. Leitch has also with great kindness 
revised the proofs and written the Index. With the exception of 
the Hunterian specimens, almost all the specimens from which the 
stereograms are taken have been made by the author, who desires 
to acknowledge his indebtedness to Dr. J. H. Teacher, and the 
Senate of the University of Glasgow, for liberty to photograph and 
publish William Hunter's specimens. 

It gives the author great pleasure to acknowledge the uniform 
courtesy which has been displayed towards himself, and the great 
care which has been bestowed on the work by the publishers, 
Messrs. John Wright & Co. 
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Chapter I. 

INTRODUCTION. 

T^HE position of Aural Surgery at the present time is one of great 
^ interest. Like all other departments of surgery, it has been 
revolutionized, or at least profoundly influenced, by the greatly 
extended use of anaesthetics and by the apphcation to its practice 
of the principles of asepsis. But it has not kept pace with the 
advance in other departments of surgery. The abdomen and 
the thorax are opened with a thoroughness and a readiness which 
is not yet adopted in dealing with the temporal bone. Operations 
in the former cavities are made in anticipation of the formation 
of pus ; most surgeons only think of opening the cavities of the 
temporal bone when pus, the existence of which has been strongly 
suspected or actually known, threatens the patient with intra- 
cranial symptoms. 

This difference of practice is not due to any lack of enthusiasm 
or of ability on the part of aural surgeons. The reason for it is 
found in the involved anatomy of the temporal bone itself. 
There is no structure in the body the anatomy of which is 
so difficult to understand as that of the temporal bone, and there 
is none for the study of which the student is so badly provided 
with means and illustrations. 

Nevertheless, progress in dealing with the suppurative changes 
occurring within this bone has, during the last fifteen years, been 
very great. Before that time authors contented themselves with 
the statement that under certain circumstances the mastoid process 
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should be opened — that it was safe and justifiable to open it. Few 
cases of intra-cranial abscess^ the result of middle-ear disease^ had 
been dealt with^ although such cases were conunoner then than 
now. During these fifteen years, by a series of briUiant develop- 
ments, the operations for intra-cranial abscesses have been perfected, 
and that for sinus thrombosis has become quite common. Such 
operations, both by general and aural surgeons, fill the pages of 
the general and special journals, and successes are so common as 
to occasion hardly any comment. 

But there is much more demanded of aural surgery than this. 
It is a very striking illustration of skill — this successful hunt for 
the intra-cranial abscess or other secondary effect of middle-ear 
suppuration, and I do not wish to detract from the credit due to 
those great surgeons who have led us to these successful results. 
But such operations should seldom be necessary. It is quite as 
brilliant, and a much safer procedure, to operate on the temporal 
bone whilst the suppurative process is still limited to it ; and one 
of the statements which the author will attempt to prove in this 
work, is that the diagnosis of the condition referred to is generally 
possible, and that operative measures should be adopted without 
waiting for the beginning of intra-cranial complications. 

Put broadly, the statement is this :— Every suppuration within 
the temporal bone can be cured, and the treatment of it must be 
followed to a finish, even if it involve the opening up of all the 
cavities within the temporal bone. 

There are two requirements which must be fulfilled before the 
thorough treatment of ear suppuration above indicated can be 
realized. The first is a greater operative dexterity on the part of the 
aurist. and the second a more accurate knowledge of the anatomy of 
the temporal bone on the part of all classes of practitioners. The 
aurist of the immediate future must be a surgeon also. He cannot 
longer devolve the more difficult parts of his work on the general 
surgeon : that is a division of labour which is quite indefensible. 
The man who is confident about the movements of his chisel within 
the recesses of the temporal bone is quite capable of dealing with 
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the secondary effects of middle-eax suppuration within the skull, 
and of tying the jugular vein. He may begin his operation under 
the impression that he has only a mastoid abscess to open, but 
before he finish he may have to split the sinus and tie the jugular 
in the neck. 

Though it be true, however, that the radical treatment by 
operation of the suppurative processes within the middle ear must 
always be undertaken by the special surgeon, it is not therefore 
true, that the study of the anatomy of the bone should be left to 
him. Cases needing operation are almost all in the hands of the 
general practitioner for a time, and unless he appreciate the in- 
dications for operation — which he cannot do without an accurate 
knowledge of the anatomy of the bone — he cannot guide his patient 
safely for a single week. 

In the following pages an attempt has been made to render 
the study of this difficult piece of anatomy easy. Pictures 
have been made to take the place of tedious description. By 
stereoscopic photography, the specimen has been made to stand 
solid before the observer. The substitute is not so good as the 
actual specimen — no substitute can be — but it is a great advance 
on any flat drawing. A careful and repeated study of the stereo- 
grams used here as illustrations, will do much to make the anatomy 
of the temporal bone clear. Fortunately for the object the writer 
has in view, the temporal bone lends itself well to this method of 
illustration — perhaps better than does any other part of the human 
body. 

Although the management of suppurative disease within the 
temporal bone may be looked upon as one of the solved, or almost 
solved problems of aural surgery, the latter does not lack attraction 
for want of difficult situations — problems still unsolved. Chronic 
aural catarrh and oto-sclerosis have long been the stigma of aural 
surgery. Before them the practitioner stands defeated. Here 
the quack thrives. Many of the devices used in the treatment of 
these conditions by specialists are marked by great ingenuity and 
resource ; but the fact that the results attained are seldom great, 
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and hardly ever uniform, shows that there is yet some lack of 
appreciation of the real nature of the conditions to be dealt with. 
One often retires from such cases baffled and disgusted, and only 
resumes the treatment of the next under the hope that light will 
come some day. Perhaps we may have to begin all over again 
with this difficult class of cases : in any event, a careful study 
of hearing tests must form a part of any solution of them. Under 
the heading of '' Examination of Aural Cases/' therefore, a larger 
consideration of functional tests has been given than perhaps is 
usual in a work of this size ; but it is in the hope that a contribution 
has been made to the study of a very difficult problem, that the 
writer has been tempted to be discursive. 

No great development has taken place in the study of diseases 
of the external ear, nor, indeed, is there likely to be any such 
development. The diseases of the auricle, and to some extent 
those of the external auditory canal, lie only on the borders of spec- 
ialism, and the diseased conditions which affect these parts differ 
much less from similar conditions elsewhere than do the diseased 
conditions in the middle and internal ears. 

The etiology, the diagnosis, and the treatment of diseases of 
the internal ear are still shrouded in much darkness ; but the hght 
is gradually breaking, chiefly by the patient efforts of the patho- 
logist and the bacteriologist, and there will no doubt be great 
progress chronicled here in the not distant future. The elaboration 
and better understanding of hearing testi> will do much to prepare 
the way for these results. 

The materials for this work hav(5 been drawn from two sources : 
the aural department of the Glasgow Royal Infirmary, and private 
practice. The latter gives by far the beist (ield for that kind of 
observation on which inference should b<^ biibe/l ; for although the 
number of cases seen is smaller tlian in i\n^ out^l/K/r department 
of a great hospital, the attendance ol tlj<' j>iivalit patiitnt is much 
more regular and continuous, and the hoiiMt iMtaliiient is much 
more thoroughly carried out. This is «^>j>«'r.ially llu* nusr in the 
treatment of suppurative disease of t^ -Middk <*ar. No disoaso 
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requires more patient or thorough treatment, alike by the patient 
and the surgeon, and in none is the result more unsatisfactory 
when the patient is treated at the outdoor department of a hospital 
or infirmary. On the other hand, the indoor treatment of 
suppurative middle-ear disease — largely operative of course — is 
eminently satisfactory. During the last twelve years the writer 
has had to perform the mastoid operation nearly four hundred 
times, and the majority of these cases have been within the wards 
of the Royal Infirmary. 

The distribution or incidence of ear disease is not so easily 
represented as may at first appear. In the private practice of the 
otologist, the cases are chiefly those which are referred to him by 
the general practitioner, and are necessarily the serious, the difficult, 
or even the incurable cases. They cannot therefore be taken as 
representing the incidence of ear disease. In hospital practice, 
on the other hand, the patients being for the most part drawn from 
the poorer classes, the proportion of neglected cases and of chronic 
suppuration is greater than in other classes of practice. Perhaps 
the truest percentages would be obtained from the experience of a 
general practitioner, spread over a large number of years ; but there 
are many reasons why this is not available, or at least seldom 
given. The best field at the disposal of the writer, for observation 
as to the incidence of ear disease, is the outdoor department of 
the Royal Infirmary, and his conclusions have been based on an 
analysis of the last 630 cases, tabulated on the following page. 
The table is meant to include only the common forms of ear 
disease, all really unusual conditions being included in the 
miscellaneous group. It shows the incidence of ear disease in the 
poorer classes of a large city. Over a third of the cases presenting 
themselves for advice at the outdoor department were the subjects 
of chronic middle-ear suppuration. The acute dangerous compU- 
cations of this disease hardly appear here, for many of these cases 
come directly to the wards of the ear department, and to the general 
surgical wards of the infirmary. Nearly a fourth of the cases had 
ceruminous or other collections in the external auditory canal. 
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Chapter II. 

ANATOMY OF THE EAR AND PHYSIOLOGY OF HEARING. 

The Divisions of the Organ of Hearing — The External Ear — ^The Tympanic Mem- 
brane — ^The Anatomy of the Temporal Bone — ^The Tympanic Cavity and its 
Contents — The Eustachian Tube — The Facial Nerve, the Lateral Sinus and the 
Brain in their relationship to the Middle Ear and the Mastoid Process — Blood- 
vessels and Nerves of the Ear — Pus Channels to Surrounding Structures — The 
Ear in Children — The Anatomy of the Internal Ear — Sound in its Relation 
to Hearing— The Physiology of Hearing. 

The EAR or organ of hearing is divided for descriptive purposes 
into three parts : — 

I. — The External Ear, including the auricle or pinna, and 
the external auditory canal. 

II.— The Middle Ear or Tympanum, containing the auditory 
ossicles, and communicating behind with the mastoid cells, and 
in front with the throat by the Eustachian tube. 

III.— The Internal Ear or Labyrinth, containing the cochlea 
and the semicircular canals. 

The external ear and the tympanum are usually called the 
sound-conducting parts of the organ of hearing ; the internal 
ear being regarded as the sound-perceiving part. In reality a 
small part of the cochlea only — the ductus cochlea — contains the 
sound-perceiving arrangements, the rest of the cochlea being sound- 
conducting. The semicircular canals have nothing to do with 
hearing ; they have to do with equilibration. 

I.— THE EXTERNAL EAR. 

The external ear is composed of the pinna or auricle, and the 
external auditory canal {Stereogram /). The former is entirely 
made up of soft tissue, chiefly skin and cartilage ; the latter is 
cartilaginous in its outer, bony in its inner half. 
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T?.-: Pinna or 4Mrkie is composed of cartilagiiioiis plates, 
c^^rv-:'! to certain dehnite outlines 'Ster€ozr2m IT . Its externa] 
\'irr^r,fz V- rxincave. Its free convex border forms the kelix, and 
is v>rr.':'Ahat rolled inwards on itself, forming the fosa of the helix — 
a viy/jw^i v^T^llel 'A-ith the helix. A small projection in the upper 
and ba^k part of the heUx is known as Djrurin's tubercle, and is 
arj;iIo^^o-:t to the tip of the ear in qnadrupeds. In front of the 
fo-/-a of the helix is another ridge passing backwards and down- 
•Aard-., known as the antihelix, and within the upper part of the 
fMvvf: oi this latter is a second cur\"ed groove called the scaphoid 
fov>a, or fos^ of the antihelix. This fossa is nlled with effused 
blood in othcematoma, or blood-tumour of the auricle. Within the 
low^rr part of the curve of the antihelix is the concha, the expanded 
fj\]}'likf: depression which forms the entrance to the external 
auditory ranal. In front of the concha is the projection known 
as th^! Iraf^us, and behind it that known as the antitragus. Between 
th^rvr projections is the groove of the incisura intertragica. The 
lowf:st i^art of the auricle has no cartilage, and is called the lobule. 
llf'Tf oar-rings are suspended, from an artificial perforation through 
tho substance of the lobule, and in the perforation thus used, 
[jathrjlogical conditions demanding treatment may arise. 

ICxcfq^t at one or two gaps on the posterior surface of the 
aurir:lf!, which are filled with fibrous tissue, and are known as the 
incisura' srmlorini, the cartilage of the auricle is prolonged as an 
injint(!rrupt(rd funnel-shaped process inwards to form the outer part 
of thr* cxtr-rnal auditory canal, and is fixed, very firmly in front and 
niorr- lofjsr-ly behind, by fibrous bands to the outer end of the 
osseous external auditory canal. Fibrous bands also bind the 
auricle lo the skull -above to the zygoma and behind to the mastoid 
prrxcss. Small intrinsic muscles stretch from one part of the 
ainicle to another. Larger extrinsic muscles stretch from the 
auride lo the structures on the side of the head. The intrinsic 
and even the extrinsic nmsclcs arc rudimentary and, surgically 
at legist, are iniini|)()rtant. 

The arterial blood supply of the auricle is from the posterior 
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auricular, the occipital, and the superficial temporal vessels. The 
first-named is often cut in surgical manipulations about the mastoid 
process. 

The veins of the auricle vary in their distribution, but the 
return blood ultimately reaches for the most part the external 
jugular vein, a part of the blood, however, reaching the temporal 
and internal maxillary veins. 

The lymphatics round the auricle lead into the posterior 
auricular and parotid lymphatic glands. These two sets of glands, 
the one placed in front of the tragus, the other lying on the 
mastoid process and over the upper part of the sterno mastoid 
muscle, often enlarge in connection with irritations of the auricle 
itself. As the middle-ear lymphatics also lead into these glands, 
periotic glandular abscesses are common in middle-ear disease, and 
are very common in tubercular middle-ear disease. 

The nerve supply of the auricle is from the auriculo-temporal 
and the great auricular nerves. Arnold's nerve, a branch from the 
pneumo-gastric, communicates with these ; and this connection 
and the similar connection in the external auditory canal, is 
supposed to supply the explanation of ear sneezing, ear cough, 
ear yawning, and ear vomiting, which characterize the presence in 
some cases of foreign bodies and ceruminous collections in the 
canal, as well as to account for the habit which some epicures have 
of touching the back of the ear with the moistened serviette in 
order to increase gustatory sensations ; hence the term " the 
alderman's nerve " (Treves). The communication of the auriculo- 
temporal with the superior and inferior maxillary nerves through 
the fifth, their common origin, explains the pain referred to the 
ear in affections of the teeth. 

The thin cartilaginous plates which form the auricle are 
covered by skin with hardly any intervening tissue, and the skin 
and cartilage are so closely and firmly connected that the former 
hardly moves on the latter. 

In the External Auditory Canal these conditions are even more 
marked. Hence it is that boils occurring in the walls of the canal 
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are extremely painful, great tension resulting from very little 
swelling. Along the upper and posterior wall of the canal, towards 
the junction of the cartilaginous and bony parts, the canal is con- 
tiguous to the anterior and lower set of mastoid cells ; and from 
these pus sometimes bursts, bulging the roof or back wall, and 
forming a fistula in the neighbourhood. The skin of the canal 
is supplied, especially on the posterior wall, with numerous 
ceruminous glands, which secrete the wax of the ear ; and near the 
junction of the canal with the concha are numerous hair follicles, 
from which strong hairs grow (Stereograms /, X, XI). 

The canal itself is a bUnd cul-de-sac, with a narrow or waist- 
like part at the junction of its middle and inner thirds. This 
waist-like part or isthmus is caused by the convexity upwards of 
the floor, and the similar convexity backwards of the anterior 
wall, at the point above indicated. A foreign body at the inner 
end of the canal may have ample room, but its extraction through 
this narrow isthmus may be very difficult (Stereograms /, ///, XI). 

The direction of the external auditory canal varies, but it is 
never at right angles to the side of the head. It runs forwards 
and upwards as well as inwards, towards the membrana tympani ; 
sometimes a probe held in its axis points almost to the shoulder 
of the patient when the latter looks straight forward. The direc- 
tion should be ascertained in every case before using the syringe, 
else the current may be directed against the walls of the canal. 
The canal is straightened and its direction made nearly at right 
angles to the side of the head, by pulling the auricle upwards and 
backwards, a manoeuvre very' useful during syringing and when 
using the speculum (Stereograms /, ///, X). 

The external auditory canal, measured from the tragus to the 
tympanic membrane, is about i^ inches long, and its inner end is 
blocked by the tympanic membrane. Because of the obhque 
position of the membrane, the canal is longer in front than 
behind, and longer below than above (Stereograms /, ///, X, 
XVII). ^ 
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The Tympanic Membrane, which forms the inner end of the 
external auditory canal, has, as seen through the speculum, an 
almost uniformly glazed pearl-like look, broken by the whiter Une 
of the handle of the malleus, which shines through the membrane 
and stretches downwards and backwards from the upper and front 
part of the membrane towards its centre, like the spoke of a wheel 
(Stereograms F, VI, VI 11). The chief part of the membrane is concave 
towards the external auditory canal, and this curve is such that 
from near the centre, where the malleus handle terminates, there 
extends downwards and forwards to the border of the membrane 
a triangular spot or cone of light {Fig. i, p. 22). Any change in 
curve, such as happens when the membrane is in-drawn ; any 
thickening, such as occurs in chronic inflammation of its structure ; 
or any reddening of its surface, such as happens in acute inflam- 
mations of its substance, alters these appearances. 

The above description of the membrane applies to almost 
its whole area (pars tensa), but there is a small part above and in 
front (pars flaccida, or Shrapnell's membrane) where the appearances 
are different. Here the short process of the malleus projects in 
relief as a definite nipple-Uke body ; and extending forwards 
and backwards, as definite crescentic folds towards the contiguous 
meatal walls, are the anterior and posterior folds of the tympanic 
membrane. The triangular portion of membrane between the 
folds, and extending upwards and forwards to the circumference, 
is thinner than the rest of the membrane, is less tightly stretched, 
and is known (as above indicated) as the pars flaccida, or Shrapnell's 
membrane. It fits into the notch of Rivini, or that portion of the 
bony circumference of the membrane where the tympanic ring 
is imperfect. Internal to this pars flaccida, and between the 
membrane and the ossicles, is a small space, Prussak's space, which 
communicates with the tympanic cavity, but within which cario- 
necrotic processes affecting the ossicles are apt to originate 
(Stereogram XXXVIII). 

Looking at the membrane from the inside (Stereogram XXIV) 
it is seen to be convex towards the middle ear, its centre being 
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pulled inwards at the umbo by the tip of the malleus handle 
(Stereogram III). 

The tympanic membrane is fixed (except at the notch of 
Rivini) into a groove in the tympanic ring, the sulcus tympanicus 
{Stereogram XXXI I). 

The tympanic membrane consists of three layers ; one derived 
from the external auditory canal — a cutaneous layer ; one derived 
from the middle ear — a mucous layer ; and a fibrous layer between 
the two. The fibrous layer consists of two lamellae : one external, 
and with its fibres radiating in direction, and one internal, with 
its fibres circular in direction. The radial fibres are most numerous, 
and extend from the handle of the malleus {umbo) towards the 
groove of attachment of the membrane {sulcus tympanicus) like 
the spokes of a wheel. The circular fibres are chiefly arranged 
near the circumference of the membrane. The handle of the 
malleus is firmly fixed throughout its whole length to the fibrous 
layer of the membrane. 

The length of the various walls of the external auditory 
meatus has been noticed. There is of course a corresponding 
obliquity of the tympanic membrane, both in the vertical and 
lateral directions. The roof of the canal (which is much shorter 
than the floor) meets the plane of the tympanic membrane at an 
angle of 140°, whilst the floor forms an acute angle of 2y^ with 
the membrane {Stereogram III). The anterior wall being longer 
than the posterior, there is also a slope from behind forwards in 
the plane of the membrane {Stereogram XVII). This, as we shall 
see, has to be counted upon when attempting to remove foreign 
bodies from the ear by syringe or by instruments. 

XL— THE MASTOID PROCESS. 

A working knowledge of the Anatomy of the Temporal Bone 

is not easily obtained, but is quite necessary for the operative 
treatment of disease within it. The external surface of the bone, 
as seen on the side of the skull, shows only two of its great divisions : 
the mastoid process behind, and the squamous portion above and 
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in front. The external auditory meatus is placed between them, 
in front of the mastoid process and below the squamous portion. 
The petrous portion, which also helps to form the external auditory 
canal, springs wedge-shaped from the junction of the mastoid and 
squamous portions, and passing inwards and forwards, forms part 
of the base of the skull (Stereogram IV). 

The most important land-marks on the external surface of 
the bone are these. The tip of the mastoid process, rough, 
prominent, and easily felt through the soft tissues ; the posterior 
root of the zygoma and its prolongation backwards and upwards ; 
the supra-mastoid crest, also felt through the soft parts ; and a 
small spine or point of bone, the supra-meatal spine, or spine 
of Henle, lying at the upper and posterior angle of the external 
auditory canal. This spine is only discovered after the soft parts 
have been reflected, but is of great value as a guide to the deeper 
structures, especially the mastoid antrum. The spine is not quite 
constant, but a little fossa above and behind it, usually perforated 
with small foramina, is constant. The supra-mastoid crest, or linea 
temporalis, corresponds with the floor of the middle fossa 
of the skull, and marks the upper limit of bony excavation during 
the mastoid operation (Stereograms IV, VII). 

If a saw-cut be made through the Mastoid Process parallel 
with its surface, or with the side of the skull, the mastoid cells will 
be displayed. These vary from mere pin-hole cavities disseminated 
through the bone, to a few large cavities occupying the whole 
process ; and three divisions are recognized on this basis : — 

1. Diploetic mastoid processes, with cells about the size of 
a pea, and occupying most of the substance of the bone (Stereo- 
gram VII). 

2. Pneumatic mastoid processes, with a few large cells occupy- 
ing almost the whole of the bone (Stereogram VIII). 

3. Eburnated mastoid processes, with hardly any trace of 
cells. This last is commonly but not always a diseased condition 
(Stereogram IX). 

Whatever the distribution of the cells in the mass of the process, 
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one is always present — the antrum (Stereograms Vy XV) though 
it may be small. The Mastoid Antrum is placed beneath the upper 
and anterior part of the mastoid process, about half-an-inch on an 
average below the supra-meatal spine, and just behind the tympanic 
attic or upper part of the drum cavity (Stereogram V). All the other 
cells converge towards this cell, which (except perhaps in pneumatic 
mastoids) is the largest cell of all. The floor of the antrum corres- 
ponds to about the middle of the posterior wall of the external 
auditory canal (Stereograms XVII, XXIV). 

Its communication with the tympanic cavity renders the mastoid 
antrum of great surgical importance. It is generally short and wide. 
Like almost every other feature of this bone, however, the width of 
this communication varies. It may be narrow and easily occluded. 
It is this factor of variability which makes the surgery of the 
temporal bone at once so difficult and so fascinating. Were the 
antrum always at the same depth, always of the same size, always 
freely communicating with the tympanic cavity, mastoid surgery 
would be simpler but less interesting. Perhaps the most constant 
feature of the mastoid antrum is its proximity to the middle fossa 
of the skull. A mere shell of bone separates the antrum from the 
brain, in thickness averaging hardly i mm. (Stereogram XV). The 
mastoid antrum may be displayed in a dry specimen by a vertical 
transverse section just behind the external auditory canal. 

III.— THE MIDDLE EAR. 

The anatomy of the middle ear or tympanum is of great 
importance. Emptied of its contents, or with at least the 
tympanic membrane removed, and viewed through the external 
auditory canal, its contour seems almost circular, corresponding 
with the tympanic membrane (Stereogram XXII). But if the 
same specimen be cut from above downwards, in the axis of 
the external auditory canal, its real contour will be seen 
(Stereogram XIX). Above the part seen through the canal — 
middle tympanum or atrium — is another about half as large as 
this, the attic or epitympanic recess (Stereogram ^//, XIX. 
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XXIII). This lodges the bulk of the ossicles — the malleus and 
incus — only the long processes of which stretch into the tympanum 
proper to be seen through the drimi membrane. Here suppurative 
disease is particularly obstinate and dangerous, for caries of the 
ossicles often goes along with it, and the middle fossa of the skull 
is just through the roof of the attic or tegmen tympani (Stereograms 
XI Xy XIV). A much smaller cavity or pocket below the atrium 
or tympanum proper, and occupying the floor of the middle ear, 
is sometimes called the hypotympanic cavity or cellar of the 
tympanum proper {Stereograms XVII, XIX). The floor of the 
external auditory canal rises just outside the attachment of the 
membrane into the sulcus tympanicus, and thus increases the 
depth of the floor of the middle ear and the size of the cellar, 
which often gives great trouble in treating suppurative disease 
of the middle ear {Stereograms III, X, XI). 

The Tympanum is an irregularly-shaped cavity, wider above 
than below, and with a recognizable roof and floor, also inner, 
outer, front and back walls. The roof, or tegmen tympani, separates 
the tympanic attic from the brain. Across it runs the remains of 
the petro-squamosal suture, open in the child, sometimes partially 
open in the adult, except for the fibrous tissue which closes it, 
and a common pus channel from the middle ear to the middle 
fossa of the skull. Lying under the tegmen tympani and occupy- 
ing the attic, are the heads of the malleus and incus, attached to 
the tegmen by ligamentous bands {Stereograms XI, XLIII). 

The floor of the tympanum has been noticed as bounding the 
cellar or hypotympanum. Its level depends on the size of the 
fossa jugularis, which lies just under it, and sometimes there is 
an opening in the bone here communicating with the fossa below. 
Infection of the jugular vein is therefore possible from the middle 
ear, and careless manipulation may damage a jugular bulb placed 
further upwards and forwards than usual. 

The posterior wall of the tympanum shows a large opening in 
its upper part which is partly occupied by the short process of 
the incus, and which, as the aditus ad antrum, communicates with 
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the mastoid antrum placed above and behind (Stereograms XX, 
XXIV). Below this, also on the posterior wall, is the eminentia 
Pyramidalis, or pyramid, containing a canal for the stapedius 
muscle {Stereograms XIX, XXXVIII). 

The anterior wall of the tympanum shows the opening of the 
Eustachian tube, which leaves the drum cavity nearer its roof than 
Its floor, and consequently is not in the best position for draining 
the middle ear into the throat. The floor of the tympanum slopes 
gradually upwards towards the opening of the Eustachian tube. 
During the later stages of the radical mastoid operation, the uppjer 
opening of the tube can easily be blocked by a well-made cotton 
tip pushed into it from the mastoid wound, and thus, during the 
operation of washing the wound clear of bone dust, etc., fluid is 
effectually prevented from reaching the throat during anaesthesia 
{Stereograms I, XXIII). Just above the bony Eustachian tube, 
running parallel with it, and separated from it by a bony ridge, is 
the canal for the tensor tymtani muscle (Stereograms XX, XXI, 
XXIV). '^ 

The outer wall of the tympanic cavity is formed by the Wem- 
brana Tympani (^Stereogram XXIV). The inner wall is the most com- 

f tt*^^' ^"^ ^" ^^"^y ^^ys the most important of the boundaries 
pt the tympanic cavity. It is irregular in surface. Running across 
It trom before backwards is the broad promontory tapering towards 
frll^.?*^"°' P^'*' ^nd there separating the oval window above 

hTol^l '°-'"/ ^^"'^°^ below (Stereograms XIX, XX, XXI) Above 
Sate of 7^ T' ^"^'^ ^" *h^ fresh state is occupied by the foot- 
the Dostern" ^ ^^''' ^"^ ^'^^'^^"g downwards and backwards along 
its eS^t bv'!uP'"°^ b°^der of 'the inner tympanic wall towards 
the facial n '^^^^-^^^^toid foramen, is the Falhpian canal for 
is often eLosirK '" ^"PP^^^tive middle-ear disease this nerve 

operatLT 3 ,pf t^t" "^^^^"^ ^"^ ^"""^^ ^'^ ^"'"nlesTc rl 
fully guarded r^S ^' "^"^^^nd^d bv chisel or burr, unless care 

theVomontorv f ^r'^^ ^^^I^ XXVII). Below and behind 

wards, is the /L.^ ^ ^'^^ obliquely, looking downwards and out- 

the fenestra rotunda (occupied by the membrana tympam 
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secundaria) which leads to the cochlea from the tympanum. 
Behind that part of the Fallopian canal which runs above the oval 
window, is a prominence due to the presence underneath it of the 
external semicircular canal, which, like the facial nerve, may be 
damaged by disease or injured by operation (Stereogram XXVI). 
The canal for the tensor tympani muscle passes from the anterior 
tympanic wall across the internal tympanic wall, near its superior 
boundary, and ends above the oval window, where the tendon 
of the muscle passes over a hook-shaped process — the processus 
cochleariformis — to be inserted into the upper part of the handle 
of the malleus {Stereogram XT). In this latter part of its course 
the tendon of the tensor tympani has an outward course across 
the tympanic cavity towards the tympanic membrane. 

The Auditory Ossicles are the malleus, the incus, and the 
stapes (Stereogram XLII). The malleus consists of a head, neck, 
handle, a short process, and a slender process, which last easily 
breaks away from the bone. Near the junction of the handle 
with the neck of the bone is the attachment for the tensor tympani 
muscle. The slender process passes forwards and is attached 
to the fissure of Glaser (Stereogram XLII). The posterior surface 
of the head has a cartilage-covered surface for articulation with 
the incus. The handle is fixed to the fibrous layer of the tympanic 
membrane. 

The incus has a body, a short and a long process. The body 
articulates with the malleus in front, the short process passes 
backwards, and is attached to the posterior tympanic wall by a 
definite ligament. The long process passes downwards, almost 
parallel with the handle of the malleus, but is shorter, and is placed 
further back and more deeply within the drum cavity. Still it 
can often be seen through the membrane, especially if the latter 
be in-drawn or retracted. The tip of the long process (sometimes 
called the os orhiculare) is knob-shaped and slightly turned inwards, 
and on the inner aspect of this part of the long process is an 
articular surface for union with the head of the stapes. The 
general form of the incus is that of a bicuspid tooth, the 
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two roots of which diverge a good deal (Stereogram XLIIy also 
Fig. I, p. 22). 

The stapes is exactly like a stirrup. It consists of a head, 
neck, two crura, and a base or foot-plate. The foot-plate is fixed 
loosely within the oval window by fibrous tissue, which passes 
to the sides of the latter. The neck gives attachment to the tendon 
of the stapedius muscle, which reaches the stapes from the p>os- 
terior tympanic wall. The head articulates with the tip of the 
long process of the incus. The stapes passes inwards towards 
the oval window almost at right angles to the direction of the long 
process of the incus {Stereogram XLII). 

The malleus and incus are connected by ligamentous bands 
to the roof of the attic, and to the anterior and posterior walls of 
the tympanic cavity. These bands not only to some extent 
control the movements of the ossicles, but break the upper part 
of the tympanic cavity into separate pockets or spaces, which 
do not communicate freely with the bulk of the tympanic cavity 
placed below them. Consequently, suppurative processes going 
on in the upper part of the tympanum are difficult to treat, and 
are apt to become chronic. (See Shrapnell's membrane and 
Prussak's space, Fig. i, p. 22 ; and Stereogram XXXVIIL) 

Surgically the most important of these ossicular ligaments 
are : (i) The anterior ligament of the malleus, a strong fibrous 
band extending from the front of the head of the malleus to the 
fissure of Glaser. It surrounds the processus gracilis. (2) The 
external ligament of the malleus, extending from the neck of the 
malleus to the margin of the notch of Rivini in the tympanic 
ring. These are the chief fibrous bands which must be severed 
before the malleus is dragged downwards and outwards in the 
operation of ossiculectomy. (3) The superior ligament of the 
malleus, extending from the head of the malleus to the tegmen 
tympani. This hgament is slender. (4) The internal ligament 
of the malleus, surrounding the tensor tympani, and extending 
inwards along with that muscle, from the root of the handle 
of the malleus across the tympanic cavity to the processus 
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cochleariformis in the internal tympanic wall. This ligament and 
the muscle are divided in tenotomy of the tensor tympani. They 
do not usually require separate division in ossiculectomy. (5) The 
ligament of the incus extends backwards as a short strong band, 
and connects the short process of the incus with the posterior 
tympanic wall at the margin of the aditus ad antrum. After the 
malleus has been removed, it is the only important attachment 
of the incus. 

Most of the contents of the tympanic cavity have now 
been noticed. In addition to the tympanic ossicles, and the 
stapedius and tensor tympani muscles, the cavity contains the 
chorda tympani nerve. This nerve passes forward across the 
drum cavity in front of the long process of the incus, and behind 
the handle of the malleus {Stereograms XXIII, XXIV; also 
Fig. I, p. 22). 

The mucous membrane of the tympanum is similar in structure 
and function to mucous membrane elsewhere, such as the nose. 
Its connective tissue layer performs the fimction of a periosteum 
to the ossicles, which are dependent on it for their nourishment. 
The mucous membrane readily swells, and almost fills the cavity 
in inflammatory conditions. It extends by the aditus to the 
mastoid antrum and cells, and in the aditus this sweUing may be 
a factor in preventing exit of discharge from the antrum to the 
drum cavity. It is continuous anteriorly with the mucous lining 
of the Eustachian tube. 

The Eustachian Tube is an inch and a-half long, and stretches 
from the middle ear inwards, forwards, and downwards to the 
naso-pharynx. The slope during this course of an inch and a-half 
is great, for the pharyngeal opening is an inch below the level of 
the tympanic opening (Stereogram /). 

The Eustachian tube is composed of a bony and of a carti- 
laginous portion. The upper and outer or bony (tympanic) 
portion extends for half an inch from the tympanic cavity, which 
latter it leaves at the upper and anterior part, so that the tube 
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does not form an efficient drain for a fluid-filled middle ear 
{Stereogram XXIII). The inner and lower two-thirds of the 
Eustachian tube are composed of an incomplete trumpet-shap>ed 
plate of cartilage, the sides of which are so completed by fibrous 
tissue, that a tube of an inch long is formed (Stereogram /). 
Between the two parts of the tube — the bony and cartilaginous — 
the lumen is very narrow, only one-twelfth of an inch, compared 
with one-sixth of an inch at the tympanic and one-fifth at the 
pharyngeal end. The narrowest part, at the junction of the bony 
and cartilaginous portions, is called the isthmus (Stereogram I). The 
cartilaginous plate increases in width from the isthmus inwards 
towards the pharynx, so that on arrival at the latter, the plate 
not only forms the median boundary of the tube, but is folded 
well over the upper boundary towards the outer wall, and sUghtly 
over the lower boundary. Thus, at the pharyngealcopening only 
part of the outer wall is left to be completed by membrane. The 
upper wall of the tube is fixed to the base of the skull by fibrous 
tissue. The opening of the tube on the pharyngeal wall is at the 
level of the posterior extremity of the inferior turbinated bone, 
and nearly half an inch behind it. 

The Eustachian tube is normally closed, but is under the 

control of three muscles which act as dilators. These are (i) The 

/ewafor veli palati, under the control of the seventh nerve; 

(2j The tensor veli palati, under the control of the third division 

, , ^^*h '^erve ; (3) The palaio-pharyngeal muscle, under the 

control of thp nno„,>,« X • 

TK ' Pneumogastnc nerve. 

ine hustachian tube is lined by mucous membrane, which 
IS thrown mto folds along the walls of the cartilaginous portion, 
Dortil TK " ^"^ ™°^^ ^l°s% applied to the walls of the bony 
cvlinHH..! /P^*^'*^^"^ ^^vering this mucous membrane is 

ptSlr' ^^"^^^ -lifted if the cartilaginous portion 
tube com 'n^- "/ *'" Eustachian Tube.-That the Eustachian 
one who hTfn S ^^'^ *^^ "^'ddle ear, is discovered by every 

m the head T^^ '" ^^°^ '^' ^°^^ ^^^^^^ '^' "°"''" %'^ 
eaa. If one swaUows with the nose closed, some of the 



air in the mouth and pharynx is swallowed, and the partial 
vacuum extends up the tubes to the middle ear. If now swallowing 
take place with the nostrils open, the air again enters the tube 
from the pharynx, and the sensations attending the rarefaction 
of the air in the middle ear disappear. Normally, its walls are 
closely apposed, but the muscular contractions occurring during 
swallowing open the tube, and any change in air pressure occur- 
ring within the pharynx (condensation or rarefaction) extends 
also to the middle ear. Apart from swallowing, if the air pressure 
in the naso-pharynx be sufficiently raised, the resistance in the 
closed tube is overcome, and air enters the middle ear. This takes 
place in Valsalva's experiment, or method of inflation of the 
middle ear, when with the mouth and nose closed, a forcible 
expiratory effort is made. 

In any case, therefore, where the air pressure in the middle 
ear has become altered, we have in the Eustachian tube a channel 
through which the fact of such alteration can be ascertained, and 
in many cases the faults due to such alterations of pressure 
can be rectified. 

When looking through the speculum at the tympanic membrane, 
or when operating within the middle ear or in the mastoid process 
near the middle ear, it is well to have a clear idea of what struc- 
tures he internal to and around the membrane. If the line of 
the handle of the malleus be continued downwards and backwards 
(Fig. i) till it cross the lower border of the membrane, the latter 
will be divided into two nearly equal parts, the anterior part being, 
however slightly, the smaller, the posterior the larger. If now 
an imaginary line be thrown across this at right angles, and be 
made to cross the first hne at the umbo or tip of the handle of the 
malleus, the membrane will be divided into quadrants. A, B, c, D, 
the postero-superior of which is the largest. This quadrant (a) 
of the membrane corresponds to or contains the long process of 
the incus, the stapes, the foramen ovale, the stapedius muscle and 
its insertion into the pyramid, the facial nerve within the Fallopian 
cantd, and the chorda tympani nerve. The postero-inferior 
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quadrant (b) contains the foramen rotundum, part of the tympanic 
cellar, and sometimes a part of the jugular bulb. Turning nowr 
to the anterior division of the drum-head, the upper or antero- 
superior (c) contains or corresponds to the tympanic opening of 
the Eustachian tube and the groove or semi-tube for the tensor 
tympani muscle. The antero-inferior quadrant (d) contains the 




Fig. 1.— Scheme of the Tympanic Relationships. 

cone of light ; the internal tympanic wall here is marked by 
no structure of importance, but below and in front of it is the 
carotid canal. 

The heads of the malleus and incus lie chiefly outside the 
membrane above the postero-superior quadrant ; the short process 
of the malleus with the mcmbrana flaccida above it corresponds 
to the upper pole of the division between the anterior and posterior 
parts of the membrane. The promontory lies internal to and 
slightly above the umbo, and in cases of retraction of -m- 

brane, the umbo is often swung upwards so as to e 
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promontory. Similar contact with and adhesion of the umbo to 
the promontory occurs in cases of chronic middle-ear suppuration. 

There are three structures, the whole relations of which must 
be clearly before the mind of the operator who would deal 
safely and successfully with suppurative disease in the temporal bone 
— the Facial Nerve, the Sigmoid Sinus, and the Floor of the Middle 

Fossa of the Skull. 

All have been referred to ; but at the risk of reiteration their 
relations to the cavities in the temporal bone must be traced 
throughout their entire course. The need for this is easily under- 
stood. Take the sigmoid sinus for instance. Compare the case 
of the surgeon who accidentally opens this blood-vessel before he 
has cleared its environment of pus, granulations, and pathogenic 
germs ; and the case of the surgeon who, with a clear idea of all the 
relations of the vessel, only opens it deliberately after having made 
its surroundings clean. The one is the position of control, strength, 
and safety ; the other of hurry, weakness, and danger. Almost all 
recent advances in aural surgery have been based on an accurate 
knowledge of the relationships of these three structures ; and all 
competent operators, instead of being now afraid to approach 
them, are able to avoid them with certainty, or deliberately to 
expose them, without adding to the risk of the patient. 

Returning therefore to the Facial Nerve, it may be said that 
intentional exposure of the facial nerve is seldom the object of 
the surgeon. It is often exposed for him by the disease, for the 
cure of which he is asked to operate. This usually takes place 
within the middle ear, through which its course has just been traced. 
Extensive necrosis of the mastoid process sometimes destroys it 
in its vertical course towards the stylo-mastoid foramen. This 
condition is commonest in young, unhealthy children, the subjects 
of tuberculous middle-ear disease ; but every radical mastoid 
operation brings the instruments of the operator very close to its 
canal. The nerve leaves the cavity of the skull along with the 
auditory nerve, by the internal auditory meatus. At the bottom 



24 DISEASES OF THE EAR. 

of the meatus it enters the Fallopian canal, and follows the course 
of this canal to the stylo-mastoid foramen. At first the course is 
nearly horizontally outwards above the cochlea, and in front of, 
and below the semicircular canals. Then it takes a sharp bend 
on itself, forming an acute angle in its course. At this angle it 
forms the geniculate ganglion, and gives off the great superficial 
petrosal nerve. The course of the nerve is then horizontally back- 
wards, across the inner tympanic wall, above the oval window. At 
the pyramid (origin of the stapedius) it bends sharply downwards, 
and runs almost perpendiculariy to the stylo-mastoid foramen. 
Just before it assumes the vertical direction, it runs close to the 
floor and inner wall of the aditus ad antrum, and this must be 
avoided by the chisel or burr in operating. Just after it makes 
the turn to assume the vertical in the mastoid process, the facial 
gives off the chorda tympani nerve, which passes forwards between 
the descending processes of the incus and malleus to the fissure of 
Glaser, across the cavity of the tympanum, close to the membrana 
tympani {Stereograms XXIV, XXXVIII), 

The second of these three structures is the Lateral Sinus. The 
course of this vessel is marked by the groove on the inside of the 
skull, extending from the internal occipital protuberance to the 
foramen jugulare, below which it is continued as the internal jugular 
vein in the neck. The groove is best marked in its course down- 
wards inwards and forwards, on the inner aspect of the mastoid 
process, where it is known as the sigmoid groove, and abuts against 
the posterior set of mastoid cells (Stereogram XIII). At the lower 
end of the sinus, just as it leaves the skull, the vessel takes a sharp, 
short turn upwards and forwards, to form the jugular bulb, and 
this is sometimes in close proximity to the posterior and lower 
part of the tympanic cavity. 

The usual distance of the sigmoid sinus from the spine of 
Henle is lo mm., but sometimes the sinus is found so far forward 
as to lie almost immediately behind the posterior wall of th^ 
external auditory canal, and just below the surface of the mast 
process. The mastoid emissary vein perforates the skull aV 
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an inch behind the tip of the mastoid process (Stereogram XXV I) ^ 
and communicates with the sigmoid sinus. The sigmoid groove, 
its contained sinus, and the jugular bulb, are thicker and carry 
more blood on the right side than on the left, for the communi- 
cation with the heart is more direct by the right innominate vein 
than by the venous trunks of the left side. Within the skull the 
sigmoid sinus receives the superior petrosal sinus, and the jugular 
bulb the inferior petrosal sinus. These vessels run along respectively 
the superior and inferior borders of the posterior surface of the 
petrous portion of the temporal bone (Stereogram XI IT), Behind 
the sigmoid sinus and below the transverse sinus, the cerebellum 
may be safely reached in exploring for abscess. This may be done 
by making a separate trephine opening, but in ear disease a 
mastoid wound usually exists already, and the cerebellar fossa is 
best reached by extending this wound in the bone backwards 
across the sigmoid sinus. 

The last of the triad of important relationships is that of the 
middle ear and mastoid antrum to the Middle Fossa of the skull. 
This corresponds with the supra-mastoid crest, but the posterior 
part of the ridge curves upwards more rapidly than does the floor 
of middle fossa, and a chisel-cut carried directly inwards, along 
the whole line of the crest, would in many cases expose the dura 
mater and, in some, perforate it. But if the chisel-cut be made to 
slope downwards and inwards instead of directly inwards, the 
antrum can be reached from the line of the supra-mastoid crest, 
without exposing the dura mater. If the middle fossa of the 
skull contains pus, this may be reached by a trephine opening in 
the squamous portion of the temporal bone, or by extending upwards 
an already existing mastoid wound, and thus reaching the middle 
fossa through the tegmen tympani. 

Blood-Vessels and Nerves of the Middle Ear. — The arteries 
of the tympammi are the tympanic branch of the internal maxillary, 
the ascending pharyngeal, a branch of which passes up the 
Eustachian tube, the petrosal branch of the middle meningeal 
artery, and branches of the internal carotid, which latter pass 
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through small openings — ^the canalicuke carotico-tympanici — in the 
walls of the carotid canal. The stylo-mastoid artery supplies the 
facial nerve^ and also sends branches to the tympantixn. 

The veins of the middle ear pass into the temporo-maxfllaiy 
vein, the superior petrosal sinus^ the lateral sinus^ the internal 
jugular, and the pharyngeal veins. The veins pass directly into 
the sinuses, have no valves, and afford direct communication for 
pathogenic organisms to the intra-cranial and other surrounding 
structures. 

The chorda tympani and the facial nerves in their relationr 
ships to the middle ear have already been noticed. The tympanic 
plexus is formed by the tympanic branch of the glosso-pharyngeal 
nerve, a branch of the great superficial petrosal nerve, a branch 
of the small superficial petrosal nerve, and the small de^ petrosal 
nerve (a branch of the sympathetic). These form the tympanic 
plexus on the anterior part of the inner t5anpanic wall. 

Channels of Infection in Suppurative Ear Disease. — In 
carrying infection from the middle ear and the mastoid 
process to the surrounding structures, the following pus channels 
may be engaged : — 

1. The PetrO'Squamosal suture, from the middle ear to the 
middle fossa of the skull. 

2. The SquamO'tnastoid suture — to the surface of the 
mastoid process. 

3. Gap in the tympanic ring, usually open till the fifth year, 
from the external auditory canal to the articulation of the jaw. 

4. Fenestra between the posterior mastoid cells and the 
sigmoid sinus, to the cerebellar fossa and sigmoid sinus. 

5. Fenestra in the tegmen tympani and the tegmen antri, 
to the middle fossa of the skull. 

6. The perforations for blood-vessels in the fossa above and 
behind the supra-meatal spine and supra-spinous (mastoid) fossa, 
to the surface of the mastoid process from the mastoid cells. 

7. The fenestras (round and oval windows) in the internal wall 
of the tympanum, to the labyrinth. 
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8. The internal auditory meatus. 

9. The aqueductus vestibuli and aqueductus cochlece. 

10. Hiatus Fallopii and to the middle fossa of the skull. 

The Ear in CMMven.— {Stereograms XXXII to XXXVI.)— 
The ear in children presents certain important differences 
from that in the adult. The external auditory canal is much 
narrower, but the middle ear is relatively larger than in the adult. 
It is said that the ossicles and tympanic membrane are absolutely 
as large as in the adult. At birth the membrane is almost hori- 
zontal, and forms a continuation of the roof of the external 
auditory canal. The Eustachian tube is wider and shorter, and 
more easily inflated. There is no bony external auditory canal 
at birth. During the earliest years this canal is developed from 
the tympanic ring (Stereogram XXXI T) and by the growth backwards 
and outwards of the mastoid process. With the exception of the 
antrum, which is well represented at birth, there are no cells in the 
mastoid process of the new-born. These appear with the back 
wards and downwards development of the mastoid process, which 
at birth is very small. The squamo-mastoid suture {Stereograms 
XXXIII, XXXIV) and the petro-squamous sutures are open 
at birth. 

IV.— THE INTERNAL EAR. 

The anatomy of the internal ear must be studied with regard 
to two classes of cases : (i) Those in which deafness, giddiness, 
etc., call for the accurate locaUzation of the causes of these symp- 
toms ; (2) Those in which suppurative processes in the midcUe 
ear and its adnexae call for operative treatment for their removal. 
The knowledge required for the management of the second class of 
cases is chiefly that of the macroscopic anatomy ; but this know- 
ledge must be very accurate, for in the case of the trio of important 
structures which has just been discussed — the facial nerve, the 
lateral sinus, and the brain — the instruments of the surgeon must 
approach the delicate structures of the internal ear with precision 
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and without the risk of injuring tfaenu For the diagnosis and 
management of the first dass, the knowledge cvf the macrosoopic 
anatomy must be supplemented by that of the minirte anatomy. 

The two fenestras of the inner tympanic wall represent the 
only gaps in the outer side of the bony capsule which encloses the 
internal ear {Stereograms XIX, XX). The foot-plate of the staphs 
closes the fenestra ovalis, and just beyond the foot-plate from the 
tympanum is the vestibule, the central division of the internal ear. 
The cochlea is in front of this^ and the semicircular r^nal^ behind 
(Stereogram XXXI), and all are enclosed in the petrous portion of the 
temporal bone. The first turn of the cochlea, beginning in the 
vestibule, runs forwards and downwards, and its convexity causes 
the eminence called the promontory on the inner tympanic wall 
(Stereograms XIX, XX, XXI). The axis of the cochlea — ^the 
modiolus — points forwards and upwards towards the knee of the 
carotid artery (Stereograms XXX, XXXI). The external semi- 
circular canal lies above the bend of the facial nerve, and above and 
behind the foramen ovale, and therefore quite near the internal 
tympanic wall^ so that it may, like the facial nerve and the cochlea, 
be injured by burr or drill in manipulations within the middle ear 
(Stereogram XXVI). The only other point where the intomal ear 
comes quite near the surface of the petrous bone, is on its upper 
aspect within the skull, where the upper part of the superior semi- 
circular canal forms the emineniia arcuata (Stereogram XLIII). 

Taking the three parts of the internal ear separately, the 
Vestibule is seen to be divided into two by a crest or ridge, the 
crista vestibidi ; the pit or depression below and anteriorly is called 
the fovea hemispherica ; that above and behind, the fovea hemi-- 
elliptic a. These foveae lodge respectively the saccule and the 
utricle, the utricle being behind and the saccule in front. 

In metal corrosion preparations of the inner ear, the aque- 
duct us vestibuli may sometimes be seen as a slender process leading 
from the vestibule to the posterior surface of the petrous bone, 
within the skull, behind the internal auditory meatus, and between 
the superior petrosal sinus and the sigmoid sinus. The aqueductus 



contains a process of the membranous vestibule which communi- 
cates with the sub-dural space. 

Posteriorly and superiorly the vestibule receives the openings 
of the Semicircular Canals, five in number, not six, for the posterior 
and superior canals unite above and behind, and enter the vestibule 
as a common tube (Stereograms XXV II I to XXXI). The semicircular 
canals lie behind the vestibule. They are three in number, and each is 
about I mm. in diameter (width of the bony canals). They are 
named the superior, the posterior, and the external canals. The 
surgical anatomy of these canals has been already noticed. The 
superior is vertical, but is at right angles to the side of the head ; 
the posterior is also vertical, but is parallel \vith the side of the head ; 
the external is horizontal, and at right angles to the side of the 
head. Each canal is almost at right angles to the other two. 
Each really makes much more than half a circle outside the 
vestibule, nearly two-thirds, the circle being completed within 
the vestibule. Each has a dilated part near one end, the ampulla 
(^Stereograms XXVIII to XXXI). 

The membranous semicircular canals correspond in a general 
way with the bony canals, but are of course smaller. They 
each present — hke the osseous canals which contain them — a dilated 
part or ampulla, in which are found terminal branches of the 
auditory nerve. Between the membranous and bony canals is the 
perilymph : within the membranous canals the endolymph. 

The Cochlea lies in front and below the vestibule (Stereograms 
XXX, XXXVIII). It consists of two and a-half turns arranged 
upon one another, so that a shell-Hke structure of pyramidal shape 
is produced, the base of the pyramid being turned inwards and 
backwards towards the internal auditory meatus, and the apex 
outwards and forwards, towards the knee of the carotid artery. 
The centre pin or bony axis round which these turns are wound 
is about a quarter of an inch long— height of the cochlea. It is 
called the modiolus. In the following description of the cochlea the 
term "inwards" denotes direction towards the centre pin, and the 
term " outwards " direction towards that wall of the cochlea furthest 
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removed from the centre pin\ This coUed tube is divided into 
two scalcB or staircases by a spiral lamina, which projects from the 
centre pin right round the two and a-half coils. In the lower coil 
this lamina stretches more than half way across the lumen of the tube, 
but as the upper coil is reached, the bony lamina spiralis is relatively 
much less prominent (Stereogram XXXIX). All through the cochlea, 
however, the partition is continued across to the outer wall by the 
basilar membrane {Plate /), a fibrous structure fixed by its inner 
edge to the bony lamina spiralis, and by its outer to the inner 
aspect of the outer wall of the tube. Upon this basilar membrane 
are erected the arches of Corti, and here are distributed the endings 
of the cochlear nerve. As the bony lamina spiralis is relatively 
most developed in the lower turn, and least in the upper, the mem- 
branous continuation of it towards the outer wsJl is relatively 
least developed below, and most above. The upper scala communi- 
cates below with the vestibule, and is called the scala vestibuli ; the 
lower communicates with the tympanum by the roimd window, 
and is called the scala tympani. The scal3e communicate at the 
apex of the cochlea by a small aperture, the helicotrema. Near 
the lower part of the scala tympani a small canal, the aqueductus 
cochlece, leaves the cochlea, and passing nearly half an inch down- 
wards and inwards through the substance of the petrous bone, it 
emerges on the inner aspect of the jugular fossa. 

Such are the chief naked-eye appearances which are discovered 
(Ml an examination of the bony labyrinth, as it lies in the substance of 
the ])ctrous bone. The bony labyrinth is filled with fluid— the peri- 
lymph. In this floats the membranous labyrinth, supported by its 
ill t sichments to the bony labyrinth and containing the endolymph. 

The auditory nerve enters along with the facial by the internal 
jiinlitory nu!atus {Stereograms XXXVII, XXXVIII), and is distri- 
liiilrd to the labyrinth in six divisions: one to the organ of Corti in 
lh«- rochlrji, our. to the utricle, another to the saccule, and three to 
1 hi* iiiiipulla? of the. sianicircular canals. In the utricle, the saccule, and 
Ihr. thuM* iiinpulljv, the nerve-endings have a great deal in common. 
lhi*y Mill to thieki'iied patches on the inside of the labyrinthine 
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wall, and are distributed to specialized epithelial structures orna- 
mented by auditory hairs. These patches are called the cristce 
acusticcB in the ampullae, and the maculce acusticce in the utricle 
and saccule of the vestibule. Both in the utricle and saccule and 
in the ampullae of the semicircular canals, crystals of carbonate 
of lime called otoliths occur. These are most abundant at the 
cristae and maculae. The bony labyrinth has only five openings 
outwards from itself — the two fenestrae into the middle ear, the 
aqueducts of the vestibule and the cochlea, and the internal auditory 
meatus. These are all possible pus avenues, and must be borne in 
mind by the surgeon. 

For the diagnosis and management of deafness, the minute 
anatomy of the cochlea must be further stated. Here almost 
certainly the essential organ of hearing is placed. We have seen 
that the lumen of the tube of the cochlea is divided into two scalae 
by the lamina spiraUs, and its extension outwards — the basilar 
membrane ; but a third tube is shut off between these two, the 
duct or canal of the cochlea. This tube is blind at both ends. It 
extends from the apex of the cochlea, the helicotrema, to the base 
at the commencement of the lamina spiralis in the vestibule, and 
it communicates with the saccule by means of a very fine flask- 
shaped prolongation, the canalis reuniens. The duct of the cochlea 
is formed thus. Stretching from near the insertion of the basilar 
membrane to the lamina spiralis, and extending in an upward and 
outward direction to be attached to the wall of the bony cochlea, 
is a very fine, almost homogeneous membrane, the membrane of 
Reissner. Thus a triangular tube is shut off from the scala vesti- 
bule, having for its floor the basilar membrane, its outer wall the 
bony cochlea, and its roof the membrane of Reissner. This is the 
canal or duct of the cochlea, and the structures within it contain 
the essential part of the organ of hearing. These are spread out 
on the floor of the tube, the basilar membrane, and are called the 
organ of Corti. 

The Organ of Corti is composed of two sets of stiff rods, the 
inner and the outer rods, so placed that the heads of two or three 
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one is always present — the antrum {Stereograms V, XV) though 
it may be small. The Mastoid Antrum is placed beneath the upper 
and anterior part of the mastoid process, about half-an-inch on an 
average below the supra-meatal spine, and just behind the tympanic 
attic or upper part of the drum cavity (Stereogram V). All the other 
cells converge towards this cell, which (except perhaps in pneumatic 
mastoids) is the largest cell of all. The floor of the antrum corres- 
ponds to about the middle of the posterior wall of the external 
auditory canal (Stereograms XVII, XXIV). 

Its communication with the tympanic cavity renders the mastoid 
antrum of great surgical importance. It is generally short and wide. 
Like almost every other feature of this bone, however, the width of 
this communication varies. It may be narrow and easily occluded. 
It is this factor of variability which makes the surgery of the 
temporal bone at once so difficult and so fascinating. Were the 
antrum always at the same depth, always of the same size, always 
freely communicating with the tympanic cavity, mastoid surgery 
would be simpler but less interesting. Perhaps the most constant 
feature of the mastoid antrum is its proximity to the middle fossa 
of the skull. A mere shell of bone separates the antrum from the 
brain, in thickness averaging hardly i mm. (Stereogram XV). The 
mastoid antrum may be displayed in a dry specimen by a vertical 
transverse section just behind the external auditory canal. 

III.— THE MIDDLE EAR. 

The anatomy of the middle ear or tympanum is of great 
importance. Emptied of its contents, or with at least the 
tympanic membrane removed, and viewed through the external 
auditory canal, its contour seems almost circular, corresponding 
with the tympanic membrane (Stereogram XXII), But if the 
same specimen be cut from above downwards, in the axis of 
the external auditory canal, its real contour will be seen 
(Stereogram XIX). Above the part seen through the canal- 
middle tympanum or atrium — is another about half as large as 
this, the attic or epitympanic recess (Stereograms XVIII ^ XIX. 



XXIIl). This lodges the bulk of the ossicles — the malleus and 
incus — only the long processes of which stretch into the tympanum 
proper to be seen through the drum membrane. Here suppurative 
disease is particularly obstinate and dangerous, for caries of the 
ossicles often goes along with it, and the middle fossa of the skull 
is just through the roof of the attic or tegmen tympani (Stereograms 
XIX, XIV). A much smaller cavity or pocket below the atrium 
or tympanum proper, and occupying the floor of the middle ear, 
is sometimes called the hypotympanic cavity or cellar of the 
tympanum proper {Stereograms XVII, XIX). The floor of the 
external auditory canal rises just outside the attachment of the 
membrane into the sulcus tympanicus, and thus increases the 
depth of the floor of the middle ear and the size of the cellar, 
which often gives great trouble in treating suppurative disease 
of the middle ear (Stereograms III, X. XI). 

The Tympanum is an irregularly-shaped cavity, wider above 
than below, and with a recognizable roof and floor, also inner, 
outer, front and back walls. The roof, or fegmen tympani, separates 
the tympanic attic from the brain. Across it runs the remains of 
the petro-squamosal suture, open in the child, sometimes partially 
open in the adult, except for the fibrous tissue which closes it, 
and a common pus channel from the middle ear to the middle 
fossa of the skull. Lying under the tegmen tympani and occupy- 
ing the attic, are the heads of the malleus and incus, attached to 
the tegmen by ligamentous bands (Stereograms XI. XLIII). 

The floor of the tympanum has been noticed as bounding the 
cellar or hypotympanum. Its level depends on the size of the 
fossa jugularis, which lies just under it, and sometimes there is 
an opening in the bone here communicating with the fossa below. 
Infection of the jugular vein is therefore possible from the middle 
ear, and careless manipulation may damage a jugular bulb placed 
further upwards and forwards than usual. 

The posterior wall of the tympanum shows a large opening in 
its upper part which is partly occupied by the short process of 
the incus, and which, as the aditus ad antrum, communicates with 
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inner rods fit into the head of an outer rod — the latter being less 
numerous than the former — whilst the feet of the inner rods are 
set widely apart from those of the outer, so that a triangle or arch 
is formed, of which the basilar membrane is the base, and the rods 
of Corti the sides. The juxtaposition of a great number of con- 
tiguous inner and outer rods thus placed, forms a tunnel within 
the ductus cochlea. Inside the line of inner rods is placed a set 
of epithelial cells, surmounted by stiff, bristle-like structures — 
the inner hair-cells ; whilst outside the outer row of rods are placed 
several rows of such cells similarly surmounted by stiff bristle-like 
hairs. The tops of the hair cells and of the rods are worked into 
a net-like cuticular structure through which the hairs project, and 
the whole organ of Corti is overlaid by a coverlet or delicate film 
of fine reticular material, which springs from near the junction of 
Reissner's membrane with the upper surface of the lamina spiralis, 
and spreads outwards over the organ of Corti — the memhrana 
tectoria. 

The cochlear branch of the auditory nerve passes up the canal 
in the centre of the modiolus, and gives off by foramina branches 
to the various turns of the cochlea as it ascends. At the entrance 
to the lamina spiralis, each branch or fibre has a ganglionic enlarge- 
ment introduced into its course, and on emerging from 
the outer edge of the lamina spirahs, each fibre turns abruptly 
upwards and enters amongst the epithelial structures forming the 
organ of Corti {Plate I), The further course of the individual 
nerve fibres within the organ of Corti is not clearly understood, 
and the more minute study of the subject is not within the province 
of this work, but enough has been said to show that the organ of 
Corti is to be regarded as composed of sections, each section viewed 
from within outwards having the following elements : inner hair- 
cells, inner rods, outer rods, outer hair-cells ; the whole being 
siip|)orted on corresponding stretched segments of the basilar 
UKMnbrane ; and that the ultimate divisions of the auditory nerve 
arc distributed to these segments. 

It is interesting to note that the number of these segments 
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as represented by the number of outer rods of Corti, bears some 
similarity to the number of recognizable musical intervals. 
Waldeyer has estimated that there are about 4,500 outer arch 
fibres in the human cochlea. This, as we shall see when studying 
appreciation for differences of pitch, is about what is required 
for a good musical ear. 

For the sake of simplicity let it be assumed that the cochlea 
has been unwound from its centre pin, the modiolus, spread out 
as a ribbon (Plate 11) ; the figure will then show diagrammatically 
the three sections : the osseous lamina spiralis, the basilar mem- 
brane supporting the organ of Corti, and the basilar membrane 
outside the organ of Corti. 

SOUND IN ITS RELATION TO HEARING. 

Sound is the effect produced upon the organ of hearing when 
a vibrating body disturbs the air or other conducting medium 
placed between itself and the ear. When the vibrations are 
irregular or non-periodic, the sound is called a noise. As the ear 
is in a real and structural sense a musical instrument, musical 
sounds must be studied at some length. 

Musical Sounds are produced by the periodic vibrations of 
the sounding body. Such periodic movements give rise to corres- 
ponding periodic wave movements in the atmosphere — the usual 
conducting medium between the sounding body and the ear. 
Musical sounds differ with regard to their strength, their pitch, 
and their quality. The strength depends on the extent or ampli- 
tude of the vibrations ; the pitch on the number of vibrations 
occurring in any unit of time; and the quality on the wave-form 
resulting from the vibrations in the sonorous body. It is with 
the characters of pitch and quality that we have to deal in studying 
musical intervals and their appreciation. The pitch of the sounds 
used in music ranges from thirty to forty vibrations per second 
to something under 5,000. The form of vibration associated with 
the simplest quality of musical sounds is called a pendular vibra- 
tion. Its curve is the one which an ordinary pendulum would 

3 



34 DISEASES OF THE EAR, 



describe, if its oscillation could be recorded as a curve on a moving 
surface. This curve is the ordinary curve of sines. The simple 
pendular vibration corresponds to the tones of tuning forks, which 
have no harmonics. All compound tones — tones with harmonics 
or upper partials — have more complicated wave forms, but all these 
latter can bf^ broken up into as many simple waves as there axe 
partials in the compound. These various simple waves co-exist in 
the air, just as s^-veral different systems of waves may co-exist on 
the same sheet of water. Before their meeting the components axe 
alike in form ; during their coalescence the value of each is repre- 
sfjnted by sr>me modification in form of the resulting comjxjund. 
After they have j^arted, the individual simple forms again reappear. 

Most mijsiral srMjnrls, then, are not simple. That element 
which has iht* low^-st vibration number, which is the loudest, and 
which therefore gives most of its character to the compound, is 
calUid the fundamental or prime. The other and higher elements, 
th(; M])]H:r part JaK, fiave vibration-numbers which are 2, 3, 4, 5, 6, 
or more titni-^ ynais^r ffian th(i prime. 

This fh'-ory tfi t\n* wiiwrr of what we regard as separate musical 
STMjnds is not ;i nz-w oim\ Ihit presence of harmonics has been long 
rer:o^/fii/i'/|^ |;iif jt ,t. it, HHrnhollz that we owe the means of isolating 
anri studying/ indr/idu;*) h;innoni(S. By taking advantage of the 
phenom''u;« oi ■•//inp;<f)M'ti' Mv>nan('(», he was able to emphasize 
the paif tfi f)M' ///ruj/'/uu/l M/in'sponding to the proper tones of 
his n'v;n;it//i^ Ihrvi- ii'V/ri;ifof'> pick out and strengthen their 
own i(fw*% iii,ut Hii //Um'/ p;«rt'; nl ;i compound, just as the voice 
is Hi'hiul by i\ir .',iiitn/^ "/M' wpondnif.^ lo it wlicn a note is sung 
stronjrly iuf// a \n.inn 

^ouvm'^d, tln/ilo/i, ni fh< ///inpoitnd nature of the tones 
usually f<'f/;u/|r/l ,|. iniuit |h h, ..^n- what relation the elements 
lavc to fl)<- 1,1111,1 til' ill t ii.iiiii'iini 111 •.rcond partial, as it is 
call«'<l, Im-, iy,,,, ^^„ y,i„,,i,,,„ ,,,ti„i,ii ol (lie |)rinu\ and is the 
o(:fav<; of i\,i- |,i„„.. ^ II,, ,),„,( !,,,,((,,) |,,,;, ||,,,r liiiu's the vibration 
nunib(!f iiwi i-, U,> ly/«)(»)( <,i tin \,iiiii' ni iiiiU ol \ho octave; the 
fourth |;affi;i| in,.. {>„„ t,„„ ,^ ,|,, v,|„,,j,oii iiuiiiIkm- of the prime 
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and forms the double octave ; the fifth corresponds to the third 
above this double octave, and so on. These partial tones are in 
very simple relationship to the prime, and coincide with some of 
the chief intervals used in music. 

Besides partials of higher pitch, another set of tones has to be 
taken into account in connection with musical intervals. These 
are the differential tones of low pitch, having vibration numbers 



W'© 



ih addition for ensuring steadiness of Pitch. S. Strand of silk a 
I brake, p, Pulley. W, Weight varied with each note. 



equal to the difference of the two primes or partials which combine 
to form them. They are of more practical importance than the 
other kind of combinational tones called summational. The 
loudest of these combinational tones are the differential tones of 
the primes, or of one prime and a powerful partial. They can be 
heard on any good harmonium. 

The most convenient instrument for estimating the pitch 
of a musical sound is the Siren. This instrument (Fig. 2), 
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which consists of a circular brass chest with a series of holes 
in its lid, and of a revolving disc with a corresponding series of 
holes, can be made to emit a sound, the pitch of which will 
vary with the rate of revolution of the disc. Each coincidence 
of the holes in the disc and the Ud of the chest, represents a puff 
of air or a sound-vibration, and the fusion of individual puffs 
or vibrations regularly emitted, gives a musical sound. The instru- 
ment is provided with a clock-work arrangement by which the 
revolutions of the disc are recorded, and these, multipUed by the 
number of holes in the disc, give the number of puffs or vibrations 
which go to make up the sound produced. This latter, when made 
to '* beat '* with any sound the vibration number of which it is 
necessary to discover, gives the means of ascertaining the pitch of 
the sound. The beats per second are added or subtracted according 
as the siren is fiat or sharp, and the remainder is the vibration or 
pitch number of the sound in question. 

A convenient and instructive method of treating musical 
sounds is to range them on a vertical scale, such as is used when 
measuring heat by the thermometer, the vibration numbers rising 
as we ascend the scale. Any two notes struck at random would 
probably give the idea of their having no sort of connection with 
each other, or the combination might have an actually disagree- 
able effect. In the latter case we call the phenomenon dissonance. 
But many pairs of the notes when struck together would give an 
idea of smoothness and harmoniousness which is peculiarly pleasant, 
and such we recognize as consonance. 

This harmoniousness is greatest when the vibration ratio 
of the two notes struck is simplest. It is complete when 
the vibration numbers are the same. It is also perfect when 
they bear the simple ratio of 2:1, or when one is the octave 
of the other. When the ratio is 3:2 we have the perfect 
consonance of the fifth ; when 4 : 3 that of the fourth ; 5:3 
the major sixth; 5 : 4 the major third; and so on ; and we may 
say generally that the simpler the ratio the more perfect the 
consonance. And if we study this phenomenon of consonance 



more closely, we shall see that the simple ratios just referred to 
teU us more. They explain the actual cause of the consonance. 
They tell us that the corresponding partial tones have the same 
vibration number. Thus, in the fifth, the third partial of the lower 
number and the second of the upper have the same vibration 
number, and are perfectly in unison. Consonance, then, is a 
smooth, uninterrupted, continuous flow of two tones. 

Let us look at the nature of dissonance. When the notes 
sounded are nearly but not quite the same in vibration number, a 
disagreeable roughness is noticed. Suppose two pipes are sounded 
with 264 and 265 vibrations per second, one beat per second occurs. 
If the pipes be respectively 264 and 268, four beats per second 
are heard. The beats disturb the smoothness of the consonance. 
They are the essence of dissonance. Up to a certain point one can 
count them ; then they become so rapid as not to be separately 
recognized, and one would hardly undertake to count them correctly, 
although they are quite distinguishable as rapid beats. When 
the interval is a semitone, the roughness is extreme, the disson- 
ance is very marked, and the beats are so rapid that unless we had 
arrived at the dissonance by the preceding gradations we could 
hardly recognize it as due to beats. 

As the distance between the beating tones is further increased 
the disturbance does not increase. At the major tone it is still 
great, but not so great as at the semitone, and as we approach 
the minor third it rapidly diminishes. The minor third, indeed, 
in the ascending scale is the first of those intervals where the vibra- 
tion ratio is low, where the coincident upper partials are strong 
enough to have a marked effect, and consequently where the 
phenomenon of consonance again reappears. Ascending the scale 
furt.ier we come upon another dissonant area, the dissonance now 
being caused by the beating, not of the primes, but of the upper 
partials ; then comes a point of agreement at the major third ; 
then a dissonant area followed by the fourth ; then another dis- 
sonant area followed by the fifth. With the exception of the 
octave, these last two intervals^the fourth and fifth— are the 
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best consonances we have. Thev are near the middle of the octave. 
The disturbance from the primes on the one hand, and the prime 
and first upper partial on the other, are least. Ascending the 
scale further, we have the consonances of the major and minor 
sixth comparable in respect of harmoniousness to the thirds, because 
separated by a distance from the first upper partial, similar to that 
between the third and the prime. On approaching the octave, 
the disturbance between the prime and the second partial of the 
lower note — its first upper partial — causes acute dissonance. On 
arriving at the octave we have the most perfect consonance- 
Perfect consonance, therefore, means absence of all beats. 
It is the steady, uninterrupted flow of two tones which have no 
tendency to disturb or cut into each other. Theoretically it is 
impossible, unless we can be sure that the number of partials is 
limited; for the eighth and ninth partials in any compound are 
only a tone apart, the fifteenth and sixteenth only a semitone ; 
and hence the braying, dissonant notes of some brass instruments 
which have the higher partials strongly developed. Practically 
it exists when neither the prime, nor any partial, nor any com- 
binational tone is near enough any other element of the compound 
to form a beating pair with it. Dissonance is the rough, disturbed, 

broken sensation of tone caused 
by rapid beats, rapid enough to 
produce the disagreeable effect 
common to interruptions of 
sensation, but not so rapid as 
to leave the impression of a 
continuous flow of sound. 

For the study of conson- 
ance the writer has constructed 
a tree of consonance or har- 
moniousness. The discs on the 
stem are meant to repre- 
sent the relative streTncH-h of 
the various partial ch 
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qualities of tone as that of organ pipes. After the sixth or 
seventh their strength is hardly appreciable, and they may be 
almost disregarded. The intervals derived from the next lowest 
member in the scale are shown on the left side of the stem, and 
their position decides their degree of harmoniousness. The degrees 
of consonance of the unison, octave, fifth, fourth, and major and 
minor thirds are thus graphically shown. On the other side of 
the stem are ranged the other consonant intervals, the major and 
minor sixths, which must find their fellow-partials higher up in 
the tree than the position of the next higher partial. In a quaUty 
of tone such as is here supposed this necessarily weakens the con- 
sonance, for the partials lose force as we ascend the scale. 

The tree is read as follows. In comparing, for example, the 
consonance of the fourth and major sixth, which spring from the 
same point on the stem, we call the fourth the better consonance 
because it finds its fellow-partial at the first higher step on the 
stem, whereas the sixth must travel to the second for its fellow. 
Again, when comparing the major third and major sixth, the 
latter must be called the more harmonious, for although it travels 
two steps to find its fellow, it starts with a stronger partial a step 
lower in the scale or stem. 

The diagram, therefore, shows the intervals to be consonant 
or harmonious in the following order— the table referring only to 
intervals within the octave : — 



Coincident 
Partials. 


Relative 
Harmoniousness. 


Name of Interval. 


Distance from C. 


I X I 


= 1 or 100 


1. Unison 


C : 


C 


1X2 


I or 50 


2. Octave 


C : 


C 


2 X 3 


J or i6| 


3. Fifth 


C : 


G 


3x4 


- t\ or 8J 


4. Fourth 


C : 


F 


3 X 5 


tV or 6§ 


5. Major Sixth 


C 


: A 


4x5 


iHF or 5 


6. Major Third 


C 


: E 


5x6 


TRT or 3j 


7. Minor Third 


C : 


Eb 


5 X 8 


tV or 2i 


8, Minor Sixth 


C : 


Ab 
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PHYSIOLOGY OF HEARING. 

Removal of the auricle does not seem to make much difference 
in the hearing power of people with normal ears, and it has been 
argued that the auricle has no essential use in human hearing. 
In people with normal hearing a certain amount of loss takes 
place without the loss being detected by any but accurate tests ; 
but if the hollows of the auricle, and especially if the concha 
be filled up, and accurate tests applied, diminution in hearing 
fx>wer will be detected. Deaf and very old people instinctively 
disr:over the function of the auricle in hearing, and to increase its 
area and collating power they place the hand behind it. 

Probably the concha is functionally the most active part of 
the auricle. Its r:up-shaped depression gathers the sound, the 
dispersion of which is prevented by the prominent tragus, and 
the wave is thus rlin^cted into the external auditory canal. The 
wavr: is tu*xi refler:l<'d to the concave posterior wall of the 
ext^-rnal aiidifory ^anai, just inside its orifice; and from this 
surf;ire refl'Tfion f;ik^'s place to the antero-inferior wall of the 
ran;il, wh^-n''- fl^y arr- (nuc luorr n^flcctcd, to impinge on the sur- 
iiid' <fi th'- iyttiifiiinr iitt'in\)i'AMr. When the air next the tympanic 
rnenihran': Ifitotiit- drvfu/l;/'d by th(» progressing sound-wave, the 
ni<'nil;i;jiM' r% ^iir/'ti inwaidv, and as the malleus handle is firmly 
i'ix('(\ into fh/' ni'//il;/an", fhi> pari of the malleus goes inwards 
with if, J{nt fhi' hr;,/i /;/ f),,. uiallr'us is not free to move inwards 
with flM- han'lN'^ jf , li^'^.n/iMitou , atfachnicnts and its attachment 
to fh*' jnMi- i/ifi/lMi/j// 7/ifh thi. I he inallcuis becomes a lever, 
UKfvitu^ i/ynn/| a/1 .i,t. j/j , jn/^ th;ou/:h its neck, its head carries 
the iM-ad of fhi Hi' n . v/ifh /f ,in'l a. Ihr lirads of the bones move 
oiifwiiMl-. f//f'/ ())</, »),< Uii,!'. I'i'xi .. o( (lie incus moves inwards 
at fli<- -.mu'- I))/.' ,( , ih' )(.,), -II. ,,\ (I,.- Mi.ill<-iis mows inwards, and 
Uiii-. ()/<• J;!!,, /,)„/), .!/()' iil.iti , v/iili (li<- iiictis. is also driven 
inwiiKl-, al 11,. •.,,„„ ,,,,,, ){,,, ,||^ Ii.iimII'- is longer than the 
pror.-.-, ,,{ f)„. „„ ,, ,^ ^, ,,^,^^^ . ,)„,„,,,|, ,, luiili.T swing than the 
latter. So :&■.,, (|„ J,,,,, |,|,,,, ,j ,1,,; ,.(.,|„... |,;,s a less inward 



movement than the handle of the malleus. What the stapes loses 
in amplitude it gains in force ; or as Helmholtz puts it, a motion 
of great amplitude and little force impinging on the membrane 
is transformed by the ossicles into one of small amplitude and 
great force, and communicated through the foramen ovale to the 
fluid of the labyrinth. 

The sound-wave has now arrived at the labyrinth, usually 
called the sound-perceiving apparatus. But except within the 
ductus cochlea, the labyrinth is still a sound-conducting apparatus. 
The wave progresses up the scala vestibuli, passing over Reissner's 
membrane through the helicotrema, down the scala tympani, 
and out again into the tympanic cavity by the secondary membrana 
tympani which closes the round window. This membrane bulges 
into the drum cavity just as much as the foot plate of the stapes 
passed inwards, because the fluid in the labyrinth is quite incom- 
pressible and is surrounded by hard bony walls. During this 
passage up one side of the ductus cochlea and down the other, part 
of the movement is communicated through the thin walls of the 
duct, and the stiff structures composing the floor of the duct, and 
included within its lumen, are set into sympathetic vibration, which 
latter so stimulates the terminations of the auditory nerve dis- 
tributed amongst these structures, that a sensation of sound is 
produced. 

What exactly takes place within the duct of the cochlea has never 
been, and probably will never be the subject of direct observation. 
But the harpsichord or piano theory of Helmholtz is that most 
commonly held. The basilar membrane with the organ of Corti 
stretches from one end of the cochlear tube to the other. Near 
the foramen ovale the stretch of the basilar membrane is very 
little, and the span of Corti's arches very narrow, whilst towards 
the helicotrema the whole width of the membrane increases 
nearly twenty-fold, and the span of the arches of Corti is also much 
greater. Each radial segment of the membrane, with its supported 
arch or arches, is supposed to be analogous to the stretched string 
of the piano or harpsichord, and to vibrate in sympathy with 
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external sounds just as these instruments do when one sings into 
them. Sympathetic vibration takes the place of the quill prick 
or hammer stroke of the instrument as normally sounded. The 
further elaboration of this theory does not belong to a work on 
aural surgery ; but it may be noticed that since Helmholtz's death 
one proof of his theory has come to Hght, which he probably would 
have regarded as of value. Bezold found in testing the deaf mutes 
of the Munich Institution, that many of these children have islands 
of hearing, with deafness for the rest of the scale : hearing for two 
or three notes, or for half or a whole octave, and deafness for all 
other notes. This fact, when put along with the other, that post- 
mortem examination of the ears of deaf mutes sometimes shows 
destruction of parts of the cochlea and preservation of other parts, 
suggests some such specific use of the segments of the cochlear 
apparatus as Helmholtz's theory assumes. 



Chapter III. 

DIAGNOSIS AND METHODS OF EXAMINATION. 

The Etiology of Ear Disease — ^The Physiognomy of Ear Disease — Symptoms : Pain, 
Deafness, Giddiness, Tinnitus — Discharge in Ear Disease — Instruments used in 
Aural Diagnosis — The Normal Tympanic Membrane — Diagnosis by means of 
Ventilation of the Middle Ear : Valsalva's Method — Pohtzer's Method — The 
Eustachian Catheter — The Auscultatory Signs produced by Ventilation of the 
Middle Ear — Examination of the Nose and Naso-Pharynx — Tests for Hearing — 
(a) For Acuteness or Acuity of Hearing ; The Limits of Human Hearing ; Tests 
by a continuous Tone Series ; The Appreciation of Small Differences of Pitch ; 
(6) Tests for the Localization of Disease — Case Sheet for Examination of 
Patients. 

When a case of ear disease comes before the practitioner, the 
inquiries and observations to be made must proceed on ordinary 
clinical lines. In addition to these, special tests and methods of 
examination peculiar to the ear must be used. 

During the general examination, the History of the Ailment 
must be noted. In many cases it is difficult to get any date at 
which the symptoms can be said to have started. This uncertainty 
is due in many cases to the insidious nature of the symptoms in the 
early stages — sclerosis, chronic aural catarrh, etc. — or to the fact 
that the affection is often one-sided, and the healthy ear has carried 
on the function so thoroughly that the onset of deafness has been 
unnoticed. Even the length of time during which discharge has 
lasted is often unknown to a patient, and is thought to be recent, 
although subsequent examination by the surgeon displays 
destructive changes of older date. But if the ear symptoms have 
commenced in a definite acute illness, such as scarlet fever or 
measles, or are associated with acute nasal or throat symptoms, or 
if their onset has been accompanied by acute pain, a definite 
statement as to the date of origin is usually obtainable. 
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In this connection the cause of the S5anptoms must be sought 
for. The acute fevers account for a large number of cases of 
suppurative middle-ear disease ; many of these, however, arise 
from nasal and naso-pharyngeal affections, which latter also give 
rise to a large number of the suppurative diseases of the middle ear. 

Ear diseases or symptoms may arise in the course of almost 
any general disease. Apart from the acute fevers, diphtheria, 
influenza, syphilis, tuberculosis, Bright's disease, pneumonia, 
anaemia, leukaemia, and the disorders of pregnancy and lactation, 
all cause ear symptoms. Rheumatism and gout account for many 
of the symptoms which appear in middle life, and if two or three 
members of a family show such symptoms, a hereditary predis- 
position may be assumed to exist, either apart from or co-operating 
with these tendencies. The similar occurrence of cases of deafness 
in the young children of a family or family connection, also points 
to heredity as the cause, whilst the occurrence of isolated cases 
of deafness in childhood, after hearing but before speech has been 
developed, should, in the absence of any definite cause, suggest 
meningitis or other brain affection as the origin. 

The occupation of the patient should not be forgotten during 
the examination. Dirty occupations predispose to the formation 
of ceruminous plugs ; noisy occupations to a special form of 
nervous deafness. Accident also figures as a cause of ear disease 
of old standing. Blows on the side of the head, on the auricle, 
and on the mastoid, often set up ear diseases. Blows, however, 
often get credit for symptoms which have existed before their 
occurrence. The influence of such drugs as quinine and the 
salicylates must be remembered in taking the history of ear 
symptoms ; as also the habits of the patients, especially with 
regard to the use of alcohol and tobacco. 

The rapidity or slowness with which the symptoms progress 
should be noted, after the enquiry as to the possible cause has been 
exhausted. Sudden deafness may have either a trivial or serious 
significance ; ^.g., the influence of sea-water on a cerumip'^"^ pl^g, 
or the onset of syphilitic disease of the internal ear xess 
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of very gradual onset, unassociated with other prominent symptoms, 
suggests — if the presence of cerumen be excluded — either chronic 
aural catarrh or oto-sclerosis. 

Deafness which varies from time to time, especially with 
changes in the weather, should direct the examination towards 
the naso-pharynx. 

The history of the case having been unravelled, the physi- 
ognomy of the patient should be noted. 

The Physiognomy of ear disease is not usually characteristic ; 
but there are two conditions, suffering from either of which the 
patient sometimes walks into the consulting room so unmistak- 
ably '* labelled " that the diagnosis can be made at a glance. 
The first is the dull, stupid, open-mouthed expression of a child 
whose deafness depends on nasal or naso-pharyngeal obstruction 
(Stereogram XL VI) ; and the second is the swollen mastoid and 
projecting auricle — most characteristic when seen from behind — 
of the patient with a sub-periosteal abscess of the mastoid process 
(see Fig. 50). 

Facial paralysis, enlarged periotic glands, and an eczematous 
state of the incisura intertragica, lobule, and neighbouring parts, 
characterize tubercular disease of the temporal bone in children, 
in whom also notched teeth and corneal affections associated with 
deafness point to hereditary syphilis. Old cicatrices about the 
face and neck not due to accident, also hint at the tubercular nature 
of an ear discharge. 

The Symptoms of ear disease are chiefly these : (i) Pain, 
spontaneously present or induced by pressure about the auricle 
or over the mastoid process ; (2) Deafness ; (3) Giddiness ; (4) 
Tinnitus. 

1. When Pain is complained of, the presence or absence of 
discharge should be ascertained. If discharge be present, pressure 
over the mastoid in search of tenderness there should be tried. 
Pain when the auricle is moved, is often due to boils of the external 
auditory canal. If there be no discharge, and if objective 
examination exclude an acute middle-ear inflammation, a search 
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should be made in the mouth for bad teeth. In acute inflamma- 
tions of the middle ear there is a history of pain, suddenly relieved 
at the period of onset of discharge. In tubercular affections, pain 
is often absent during the whole course of the disease. In any 
case of chronic discharge from the ear the sudden onset of pain, 
with or without the cessation of discharge, points to the retention 
of the discharge. In acute middle-ear inflammations, before 
perforation the pain may be very severe, and spread over the w^hole 
side of the head, as well as exist in the ear itself. In chronic 
suppuration the pain is much less violent, or may exist as a slight 
headache, and it is often necessary to press the mastoid process 
heavily before the evidence of pain can be brought out. 

Pain in the ear is often present in abscess of the tonsil, also 
in ulcerations of the pharynx near the mouth of the Eustachian 
tube, and in acute pharyngeal affections. 

2. Deafness as a Symptom in Ear Disease. — This symptom of ear 
disease may be present in any degree, and may be due to an 
affection of the external, middle, or internal ear, or to all of these 
at once. Its significance will be best understood when the tuning- 
fork tests are discussed. Even if an apparently sufficient cause 
for the deafness be found in the external ear, it should be remembered 
that the real cause may lie in the internal or middle ear. 

3. Giddiness is a common symptom of ear disease. It is 
generally due to pressure disturbances within the labyrinth, and 
may occur during the course of suppurative or non-suppurative 
diseases of the middle ear. In the former, a spread of the disease 
to the labyrinth is indicated ; in the latter, some sudden change 
of the air-pressure within the middle ear. In Meniere's disease, 
giddiness is due to a primary labyrinthine affection. It may be 
due to a foreign body, or a ceruminous plug in the external auditory 
canal, or to some cause outside the ear altogether. 

4. Tinnitus in some form is present in many ear diseases. As a 
temporary symptom it may be present without any special 
significance, or it may be due to some easily removable cause in 
the meatus. In neurotic subjects its synchronicity with the pulse- 
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beat indicates its origin. As a permanent symptom of ear disease 
it is often very violent and very distressing, and if we exclude 
acute inflammatory conditions, it points either to the adhesive 
changes of a chronic aural catarrh, or to oto-sclerosis. 

Discharge as an objective sign should always be looked for 
or enquired about. Its association with pain has been referred to. 
It must not be looked upon as a separate disease, but as the 
evidence of one of various conditions. It may come from an eczema 
of the canal ; or from a boil within the canal, but its commonest 
source is the middle ear. It may be mixed with blood (granulation 
masses), or with epithelial masses (cholesteatoma), or with bone- 
grit (caries). It must always — if it come from the middle ear at 
all — be looked upon as evidence of a disease which is a menace to 
the life of the patient. Discharge which is mixed with mucus 
comes, of course, from the middle ear. The odour of the discharge 
should be noted. 

Instruments. 

The following instruments are used in aural diagnosis. 
Several of them require special notice : — 

Forehead mirror or reflector. 

Specula of various sizes. 

Straight and bent probes. 

Cotton holders with screwed or roughened tips. 

Aural forceps. 

A set of Eustachian catheters and air-bag for inflating the 

middle ear, also a set of Eustachian bougies. 
A diagnostic tube (rubber with bone ends). 
A nasal speculum and a tongue depressor. 
A Seigle's pneumatic speculum 
Several aural syringes. 
A set of tuning-forks of various pitches. 
A Galton's whistle. 




An ordinary large gas flame, if iixed on a bracket which can be 
brought to about the level of the patient's head, will do if the 
examination must be made in his own house, or an oil lamp 
can be made to serve the 
purpose admirably. If the sur- 
geon have accumulators at hand, 
a small lamp may be fixed in 
the head-band round the fore- 
head, and the examination con- 
ducted by direct hght. Electric 
light, either direct or reflected, 
has no advantage over gas or 
fu <^—^^jp\ o''- Indeed, the best hght of 

^1 r"^ ^^\ all is reflected daylight, but this, 

in winter especially, and in large 
cities, is seldom available. A 
convenient electric lamp, lighted 
from the street main, is shown 
in Fig. 4. 

The Mirror and Speculum. — 
It is assumed that the surgeon 
has first of all examined the ear 



by what direct light is present in the consulting-room, before re- 
sorting to these. In this way affections of the auricle — ^tumours 
and skin affections, etc. — will be seen, and if he have pulled the 
auricle backwards and upwards so as to straighten the canal, the 
contents of the latter, or, if its lumen be wide and clear of 
obstruction, the membrana tympani, will be visible. Excessive 
discharge from the middle ear will thus often be seen, either 
running from the orifice of the canal or filling its calibre. But in 
most cases the mirror and speculum will be required to get a good 
view of the deeper parts. 
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Fig.f>.-\\AX\A. Miri 



The forehead mirror {Fig. 5) should be at least 3 inches in 
diameter, shghtly concave, and with a hole in its centre about 
\ inch in diameter to correspond with the pupil of the surgeon, 
who in most cases looks through the centre of his reflector. 
With the mirror fixed on the forehead, both hands are free 
for manipulations within or about the ear. This object is also 
attained by fixing the mirror to a rubber-covered bar which is held 
between the teeth, and which is fixed at right angles to the mirror. 



For examination in cases where manipulations are unnecessary- 
a hand mirror may be used (Fig. 6). 

The speculum.— K\Mz\ specula should be of various sizes, and 
the narrow end may be either oval or circular (Figs. 7—9). For 
children, and for adults in whom the canal is either naturally narrow 
or has become so from thickening of its waits, very small specula may 
be necessary. It is easy to use an aural speculum, but generally 
the beginner fails for a few times at first to get a view of the 
membrana tympani, even in a normal case. The auricle should 



^O 



Fig. H. 
i Forms of Aural Sper.ula. 



be pulledfupwards and backwards, the direction of the outer end 
of the canal ascertained, and the narrow end of the speculum 
pushed in until the instrument is engaged or caught by the meatal 
walls. These walls are passive, of course, but the speculum will 
j^enerally remain in position, even if the surgeon cease to hold it. 
If the membrane cannot be seen when the above manceuvre has 
been performed, the head of the patient should be sloped away 
from the surgeon, for very often the direction of the canal is a good 
deal upwards as well as inwards and backwards {see p. 10). If the 
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beam of light from the reflector has been well shot into the 
speculum, the tympanic membrane will come into view. One or 
two very wide specula are useful for intra-tympanic surgery. 

EXAMINATION OF THE TYMPANIC MEMBRANE. 

The normal membrane (Fig. i, p. 22, also Plate III, Figs. A, b), 
has a grey or greyish-blue look. It has been called slate-coloured, 
or like a piece of parchment. It is semi-transparent : through 
it can be seen some of the tympanic contents. Of these 
the handle of the malleus is constant, the long process of the incus 
occasional. Sometimes also the promontory can be seen. The 
malleus handle stretches from near the margin of the membrane 
above, downwards and slightly backwards, to near the centre of 
the membrane, where it terminates as the umbo at the apex of the 
wide cone formed by the slightly concave surface of the membrane. 
From the tip of the handle — umbo — stretching downwards and 
forwards towards the inferior border of the membrane, is the 
triangular spot or cone of light. This is a reflex appearance, which 
is absent in many cases of disease of the membrane. At the 
upper end of the handle, near the antero-superior border, is the 
short process of the malleus, seen as a nipple-shaped projection, 
and above and in front of the short process is the triangular area, 
depressed and looser than the rest of the membrane, known as 
Shrapnell's membrane. The normal slope of the membrane is from 
above and behind, downwards and forwards, for the anterior wall of 
the external auditory canal is longer than the posterior, and the 
floor is longer than the roof. 

The membrane may vary in appearance from the normal, in 
colour, lustre, and curve. The sUghtest irritation in the canal — 
for instance, the introduction of the speculum — will make it blush ; 
syringing does the same. The use of a probe in removing a flake 
of epidermis or cerumen causes immediate reddening. Inflam- 
mations of its structure redden and dull its surface. Pus in the 
middle ear may bulge it at various parts. Alterations in the 
air-pressure of the middle ear generally suck it in, causing in time 



permanent depressions, pits, and folds in it. Sudden increase of 
air-pressure, as after the use of the air-bag, may balloon it in 
places, especially if it has been previously thinned by chronic 
changes. Most diseased processes, either in the middle ear or in 
the external auditory canal, thicken it if they be long continued, 
and calcareous masses in its substance give it a white porcelain- 
hke appearance in places. Healed cicatrices give rise to pits and 
special light reflexes in the membrane (Plates III and /('^. 

Sicgle's Speculum. — -The niotilitv 

^^^ of the tympanic membrane can be 

^^^ .^^^"^B^B demonstrated by a Siegle's pneu- 

^^^B^"^^^^^^^^^ matic or suction speculum ^Fig. id), 

S^V^^f \ the air-pressure within the external 

■ ■ ■ I I auditory canal being varied either 

■ ■ ■ \^ _^ through a tube passing to the mouth 
r^ (~^{~^ of the surgeon or to a compressible 
^-^ ^^ ^-^ air-ball held in the hand. The chief 

/■,j.Mo.-seiBk's Pnemnaiic. Speculum, ^onc of movement is in the upper 
and back part of the membrane, 
and along with this section the handle of the malleus is seen 
to move through a considerable arc, the centre of which is at the 
short process and the periphery at the umbo. During the applica- 
tion of vibratory massage by a Breitung's pump, this zone and the 
malleus handle are seen to go through these movements with great 
freedom. The movements are often limited or prevented by 
adhesions within the drum cavity. 
Thickening or scarring of the 
substance of the drum membrane 
may also limit its movements. 

For the manipulation of small 
pieces of cotton within the meatus ^. ,, _^urai Forccp5 

and drum cavity, and for the 

removal of solid pieces of cerumen and epidermis, the examiner 
must have a set of bent aural forceps (Fig. ii) and a set of cotton 
holders. Simplicity should mark the plan of these two instruments. 



The best aural forceps axe set at an obtuse angle, have fine enough 
tips to open within the lumen of a moderately-sized speculum, 
and have no joints. They are kept apart at the tips by the set 
given to the blades at their junction with the handle. The 
roughening usually given to the sides of the handles is bad, the 
grooves harbouring dirt and rust. 

Cotton holders should be of tinned iron wire, which can be bent 
to any set so as to suit the purpose of the surgeon. Both ends 
should be roughened or screwed so as to hold the tips of cotton 
firmly. The cotton should be fixed to the tip so as to cover the 
end of the wire completely, and the end of the tip itself should 
be loose and fluffy, so as not to hurt the patient, and in order to 
take up as much discharge as possible. A bulbous or thick waist 
given to the tip obstructs the view of the surgeon. The tips should 
not be too large ; they must enter the speculum and pass into the 
inner end of the meatus without jostling the sides. 



Fig. ij. — .'^ural Syringe. 

The best aural syringe {Fig. 12) for use by the surgeon, must 
have : (a) A long, narrow, straight nozzle without a markedly 
bulbous tip, which can be introduced into the external auditory canal 
and moved therein so as to alter the direction of the current of fluid, 
but without the tip of the nozzle impinging on the walls of the canal; 
(6) A thumb ring and a pair of side rings, a projecting flange, or a 
double crutch for the fore and middle fingers of the surgeon's right 
hand. Without some such provision the fingers will slip when 
the surgeon is using alkaline solutions, and the tip of the syringe 
will be driven forcibly into the middle ear. (c) It must be large 
enough to contain two or three ounces of fluid. The syringe may 
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be made of glass with metal fittings, or it may be made entirely 
of metal, but it must be so constructed that it can be taken apart 
and the parts boiled. The metal parts should be plated. 

The syringe should never be used in the ear without previous 
insfx^ction of the canal with the help of mirror and speculum, and 
the current of fluid should never be sent forcibly against a bare 
tympanic membrane, or into the middle ear after all discharge has 
been removed. 

A smaller syringe for patient's use is represented in Fig. 13. 
It is made of glass with vulcanite fittings, and holds nearly two 
ounars of fluid. 




/'/),'. I 3. Syringe for Patient's use. 

Of great imfxjrtance in the diagnosis of affections of the 
external auditory canal, tympanic membrane, and middle ear, are 
sets of straight and bent probes. In one class of cases — chronic 
suppuration with cjjries- t\w probe* is of greater importance than 
the speculum, for it strikcts tin* bare internal tympanic wall, the 
necrosed ossicle, or other fliscased spot of bone. The probe should, 
however, only be used after rarofnl inspection and cleansing of 
debris from the mirldlfr (;ar. The. bent probes have their distal 
ends turned at right angles to the* stem — one-eighth to half an inch — 
and are used for ascertaining the condition of the attic, the antrum, 
the Eustachian tube, and th(! tympanic cellar. They should be 
made of copper (^platedy so that they bend easily without breaking. 
Probes are also useful in the diagnosis of cerumen, foreign bodies, 
and in the location of the attachment of polypi. 

EXAMINATION OF THE MIDDLE EAR. 

There are three methods by which the state of the middle 
ear may be ascertained, and the permeability of the Eustachian 




tube tested. These are: (i) Valsalva's method; (2) Politzer's 
method ; and (3) The method by use of the Eustachian catheter. 
All these methods are also methods of treatment, and occupy an 
important place in the practice of aural surgery. 

1. Valsalva's Method (introduction of air into the middle ear 
during forcible expiration with the mouth and nostrils closed). 
Hartmann states that a pressure equal to 20-40 mm. of mercury is 
necessary in the naso-pharynx to force air into the middle ear 
during Valsalva's experiment, when the muscles of swallowing are 
passive. As the average pressure which can be produced by an 
adult by forced expiration is equal to too mm. of mercury, it follows 
that with normal conditions it is easy to inflate the middle ear by 
this method. When there is much swelling of the mouth or walls 
of the tubCj or when the patient's expiratory power is weak, this 
method is insufficient for the forcing of air into the middle ear, 
but when the resistance in the tube is shght, the method is suf&cient. 
In suppurative middle-ear disease, where the tube (although 
primarily affected) has returned to nearly its normil state, the 
method is very valuable, both for diagnosis and for clearing of the 
middle ear of purulent contents, and to assist in drying the ear 
of the lotions which have been used for cleansing. 

2. Politzer's Method. — In 1863 Politzer discovered a method 
of ventilating the middle ear which has since been extensively 
used, and which still (though to a less extent) is used both in the 
diagnosis and treatment of ear disease. The more thorough 
treatment by operation of the naso-pharyngeal affections of 
children (adenoids, etc) has rendered the routine treatment by 
Politzer's method of non-suppurative cases in children less 
necessary, but it still retains its original value in diagnosis, and has 
an important place as a means of treatment in both suppurative 
and non-suppurative ear disease. Its author would have gained 
a permanent place as a pioneer in aural surgery for this discovery, 
even had no other part of his great work been done. The method 
takes advantage of the fact that during the act of swallowing the 
most favourable conditions for the entrance of air into the middle 
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ear by the Eustachian tube exist. The naso-pharynx is then shnt 
off from the parts below by the application of the soft palate to 
the posterior wall of the pharynx, and if at this moment the 
anterior nares be also closed, and a quantity of air be forced from 
the nose into the naso-pharynx, the ventilation of the middle ear 
is in most cases accomplished. 

Politzer's method of ventilating the middle ear is carried out 

as follows : An 8- or lo-ouncc pear-shaped rubber bottle is fitted 

with a vulcanite tip, to which a short, 

stout, rubber tube about six inches 

long is attached (Fig. 14). Into the 

end of this rubber tube is fixed an 

olive-shaped nozzle of sufficient size 

to till one of the anterior nares of the 

patient to be operated upon. This 

nozzle is fixed in position and held 

there by the forefinger and thumb 

of the surgeon's left hand, another of 

the surgeon's fingers crossing the tip 

of the nose and occluding the other 

nostril. The air-bag is held within 

the palm of the surgeon's right hand 

ready fur compression. A sip of water 

taken by the patient before the 

insertion of the nozzle, and held in 

the mouth in the meantime, at 

ft pft'^fTangeil sign or word is swallowed, and simultaneously 

0|f jriM**^ '•> compressed. The air-pressure required for the 

4fK/iKiHUHi 'fi thi& method is said by its auttior to be 01 to 

f/4 nt »tt ii<ny*sijl«-'re. The larger the bag and the better fitting 

t^ Uttifl^*'^ , llfct better will be the air-pressure, but the bag 

,...,. i i.,A i« \^)/i iititi,K for the grasp of the surgeon's hand. The 

■'■ iie dirucLed along the inferior meatus of the nose 

' WJ wpward and backward direction. 

f /ft/.: r»M.- t^ be compressed at the proper moment, the air 




/ffg, 14,— PwliMef'i Air-bag. 
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will not enter the middle ear. The best guide for the surgeon, 
if he cannot rely on the co-operation of the patient at the arranged 
instant, is to watch the rise of the thyroid cartilage during the act 
of swallowing, and time his compression to suit the movement. 
The swallowing of water is not necessary during the operation of 
Politzerization. During the utterance of any monosyllable ending 
in the letter k, such as hook, hock, compression of the air-bag will 
have the same effect, and in children this simplifies the procedure ; 
but in many cases the naso-pharyngeal air-pressm^e is not suffi- 
ciently raised to effect opening of the tubes unless an act of swallow- 
ing have been performed. The olive should be withdrawn from 
the nostril before the hand compressing the bag is relaxed, else 
air and discharge from the nostril will be sucked back into the bag. 




I^^£' '5- — Auscultation Tube. 

The arrival of the air in the middle ear is intimated to the 
patient in most cases by a feeling of fulness and cracking, although 
successful inflation may take place without any such sensations. 
To the surgeon success is intimated in various ways. If he be 
provided with an auscultation tube (Fig. 15) the movement of the 
membrane and the occurrence of rales within the Eustachian tube 
may be heard, and have to be distinguished from sounds produced 
in the throat by the act of swallowing. After the inflation, 
inspection by mirror and speculum may show alterations in the 
tympanic membrane due to inflation (bulging, etc.). 

Catheterization of the Eustachian Tube. — The introduction 
of a catheter through the nose into the Eustachian tube is not 
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difficult. The catheter used should be 4 to 6 inches long, should 
be curved at the tip, and should be provided with a ring fixed at 
its end on the same side of the catheter as the concavity near the 
tip. Catheters may be made either of metal {Fig. 16) or vulcanite 
{Fig. 17), the former having the advantage that they can be boiled. 
Several sizes, with variously curved tips, should be at the disposal 
of the surgeon. 




Fii^. 16. — Silver Kiiaiachian Catheter. 

During the introduction of the instrument the tip of the nose 
Hhr)ijl(l be raised by the'left thumb of the surgeon, whilst the 
liii^jirrs of the same hand rest on the patient's forehead and steady 
liim. The tip of the catheter is now passed into the nose of the 
I'iitiont with the curve downwards, and the right hand of the surgeon 
I'-* K^arlually raised to the horizontal as the tip enters the anterior 
MiiM's. Th(* tip is now made to travel along the floor of the nose 
' ■ nr;ir its junction with the septum as possible, and if no obstruction 




/'/;'. ly. Vulcanite Eustachian Catheter. 



'• ♦ Mii^ rourso is |)ursucd till the catheter tip impinges on the 
' • ♦ Mit hnt flastif: posterior pharyngeal wall. One of two courses 
•" • '■ now be foIlr)Wf'fl : 

' ' l»o tiy> rrijiv hr* turned inwards towards the other side 

''" no^f*^ anrl witlirlr;iwn till the curve of the catheter hitch 

"" * »lir j)f,sterior hfinl^r of the nasal septum. If now the 

'■ ' ' »»•• rr»tatf'fl tlirf>ii{ili a full half-circle, the tip enters the 

"'' '' Mio KiistarliijiM tube. That the catheter is in position 

'* ""''^l bv blr)vviru( thrr)ii^h it with the air-bag, the auscul- 

' '•'•'■ nwjuiwhilr' r(,nnfetinK the external auditory canals of 



the patient and surgeon. Should the catheter prove not to have 
entered the mouth of the tube, its tip must be moved a httle forwards 
or backwards till it is felt to slip into the mouth of the tube. 

2. The second method is to search for the opening of the 
tube without previously bringing the concavity of the catheter 
against the nasal septum. The catheter ha\ing reached the 
posterior pharyngeal wall, its tip is rotated outwards and pulled 
along the outer pharyngeal wall till it is felt to pass the posterior 
lip of the tube and enter its mouth. A little further rotation now 
brings the axis of the lumen of the catheter into that of the 
Eustachian tube, a result which is usually attained when the ring 
of the catheter points to the outer canthus of the eye of the same 
side. The ring of the catheter sometimes points a good deal 
lower than the canthus of the eye when its tip enters the mouth 
of the tube. 

Projections of the nasal septum and enlargement of the 
opposite inferior turbinated body, make all rules about the intro- 
duction of the catheter useless in some cases. Just as in the 
case of the urethral catheter, its progress must be guided by the 
shape of the canal, and by the kind of obstruction with which it 
meets. The educated hand adapts its movements to the pecu- 
liarities of each case, and only very occasionally does the 
practitioner fail to reach the pharynx. Once the tip is in the 
pharynx the chief difficulty is over (Stereograms LII, LIII, LIV) 
When one side of the nose is so narrow or so tortuous that no catheter 
may penetrate to the naso-pharynx, it is usually easy to enter 
both Eustachian tubes from the more open side. 

When the catheter tip returns tinged with blood, either the 
tip has excoriated an already ulcerated surface, or has punctured 
a sound surface. Inflation through such a surface may cause 
emphysema of the tissues of the side of the neck. Such an accident 
is not serious, the effects soon passing away; but it need hardly 
ever happen to the operator who is careful to ascertain that the 
tip of the catheter is really in the mouth of the Eustachian tube. 

The relative values of these methods of ventilating the 
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middle ear during diagnosis should be appreciated. Valsalva's 
method often fails where there is swelling of the mouth or narrowing 
of the lumen of the Eustachian tube. The catheter is useless in 
young children, who will not tolerate the manipulations in the nose. 
Even in adults the nasal manipulations often cause nervousness, 
although there is hardly ever actual pain where the inferior meatus 
is of fair width and not too tortuous. Politzerization is really as 
disagreeable to most patients as catheterization, but is much 
quicker, and consequently better borne. On the other hand, 
catheterization is much safer in certain cases. There is less risk 
of carrying loose infective material into the middle ear than when 
the air-bag is used by Politzer's method. Then the affected ear 
can be ventilated by the catheter without air being sent into the 
sound ear, whereas both ears are inflated by Politzer's method, 
though the current be sent in by but one nostril. Its author claims 
for Politzerization that in many cases it is superior to catheter- 
ization ; that a higher, although momentary, air-pressure is got by 
his method, and sometimes a greater improvement in hearing 
results than after the use of the catheter. He further p>oints out 
that it is simpler, more easily applied to children and nervous 
patients, and that it can be carried out by the patient himself when 
its continued use as a therapeutic agent is required. But he 
admits that it sometimes fails when the catheter succeeds, and that 
for the injection of fluids into the middle ear, catheterization is 
the better method. Sometimes during Politzerization air is forced 
into the stomach, and gives rise to pain and distension. 

Auscultatory Sounds heard during Ventilation of the Middle 
Ear. — When air is blown through the catheter and a normal 
Eustachian tube into the middle ear, the sound heard by the 
surgeon through the auscultation tube is that of a dry, open current 
of air. If swallowing be practised during catheterization, the air 
enters more freely. The volume, loudness, and pitch of this current 
of air depends on the width of the lumen of the tube, the size of 
the catheter used, the thoroughness with which the tip of the 
catheter fits the mouth of the tube, and the presence or absence 
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of a perforation in the tympanic membrane. When the lumen 
of the tube is narrowed by stricture, and when the tube or middle 
ear contains fluid, the sounds heard are altered accordingly. 
Stricture gives rise to a thin, high-pitched, hissing sound. Mucus 
or any fluid causes riles to be added to the auscultation sounds. 
If the fluid be very tenacious and small in quantity — indeed a 
semi-fluid — no rile is heard, and in those cases in which the secretion 
in the middle ear has become organized into fibrous tissue, the 
auscultation sounds are those of the normal ear. In 
moist conditions of the tube, riles are often produced 
by the first compressions of the air-bag, the later 
compressions giving a clear, dry sound. In this case 
mucus has been dislodged from the vicinity of the 
catheter tip, and removed further up the tube or into 
the naso-pharynx. When the catheter lies in the 
naso-pharynx outside the tube, compression of the 
bag may give rise to abundant riles of a large 
character ; but they seem far away to the ear of the 
surgeon when compared with those produced in the 
tube, or in fluid within the middle ear. 

For the examination of recesses beyond the 
tympanic ring (attic, aditus, etc.) a small intra- 
tympanic mirror is often found useful. The simplest ^!^' i8.— Botey's 

c r ^ ' -1 -T^-ft Intra-tympanic 

form of the mstrument is shown m Ftg. i8. Mirror. 

EXAMINATION OF NOSE AND NASO-PHARYNX. 

For the examination of the anterior nares, a Hartmann's or 
Kramer's nasal speculum {Fig. 19) should be used to dilate the soft 
parts, when with a good Ught the condition of the turbinated bodies, 
the width of the nasal passages, the presence of spurs or of other 
projections from the nasal septum, and the departures of the 
outUnes of the latter from the vertical, can be noted. Nasal polypi 
will thus come into view. If a good view cannot be got by this 
means, the soft tissues should be shrivelled by the application of 
a solution of hydrochlorate of cocaine or adrenalin, when a 
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satisfactory view will be got. The posterior nares may be 
examined by posterior rhinoscopy^ or the forefinger may be 
quickly inserted through the mouth, behind the soft palate into the 
vault of the pharynx^ and forward into the posterior nares. The 
digital method is the only one possible witii children, and the 
quickest and easiest even in adults. 

Much information can thus be got in a surprisingly short space 
of time. Adenoid growths^ enlargement of the posterior en^ of 
the inferior turbinated bodies^ polypi^ and other obstroctive 
conditions, can be thus quickly and certainly diagnosed. The 
examination is disagreeable rather than painful. If adenoid 
vegetations be present, bleeding will take place into the mouth; 
but it is always slight, and never lasts more than a second or two. 




Fij^. 19.— Nasal Speculum. 

With the help of a tongue depressor the presence of enlarged 
tonsils and of diseased conditions of the posterior pharyngeal wall 
can be discovered. 

If anterior rhinoscopy be used, the position of the septum is 
carefully observed, and any deviation from the normal noted. 
The inferior turbinated body should be followed from before 
backwards by the eye of the surgeon, until its whole length has 
been seen. The probe may be applied to its edges, so that the 
relation of their soft borders to the underlying bone may be made 
out. The middle turbinated body should next be examined, and 
the nature of any hypertrophy which exists should be made out 
by the help of the probe, applied before, and then after^ the use of 
cocaine or adrenalin. Any purulent discharge coming from about 
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the middle turbinated body, will necessitate a further examination 
of the sinuses of the face — maxillary, ethmoidal, frontal, or 
sphenoidal. 

Posterior rhinoscopy is much more difficult than the examina- 
tion by the anterior nares. A small mirror {Fig. 20) similar to a 
laryngeal mirror, is used for the examination. It is inserted 
behind the ,, - 
uvula, the 
tongue of 
the patient 
being kept 
down by a ^■■■"uslucj. 

tongue depressor, whilst the patient breathes 

by the nose and thus allows the palate to 

become flaccid. The mirror has its plane so adjusted 

by the surgeon that a view of the parts within the 

posterior nares is obtained. These are : The posterior 

border of the septum nasi separating the posterior 

nares, the posterior ends of the three turbinated bodies 

and the intervening meatuses, the roof of the naso-phaxynx, the 

lateral walls of the naso-pharynx, and the mouth of the Eustachian 

tube on each side. 

For the removal of crusts and discharge which make thorough 
examination of the nose diffi- 
cult, some kind of nasal douche 
is necessary. The douche is 
used more extensively in the 
treatment than in the diagnosis 
of intra-nasal disease, and its 
principle will be referred to 
later (Fig. 21). 

It is hardly necessary to 
point out that aural instru- 
ments should be carefully kept and regularly cleansed. A large 
number of specula should be at the command of the surgeon, and 




/■ig. 21.— Nasal Douche. 
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no speculum should be used for a second ear without being boiled. 
Silver specula are the best, unless for the application of caustics. 
when vulcanite instruments should be used. Probes should be 
treated like specula, so also should the nozzles of metal syringes. 
Eustachian catheters must be similarly sterilized, but vulcanite 
catheters cannot be boiled without their curves being undone. 
Vulcanite catheters must be washed through by the help of the 
syringe with weak soda solution, and then steeped in carbolic 
lotion. Cotton-holders are most rapidly sterilized by passing their 
ends through the flame of a spirit lamp. In time the flame smooths 
their roughened ends and makes these too sharp, but even a cheap 
cotton-holder lasts a long time before this takes place, and the 
flame sterilization is very rapid and thorough. 

TESTS FOR HEARING. 

Tests for hearing have two objects : I. — To ascertain the 
acuteness of hearing, or the degree of deafness, if the latter exist. 
II. — To localize the diseased conditions on which any deafness 
which is present depends. 

Tests used with the first object in view set up a sound of standard 
intensity, which should be heard at a given distance by a normal 
ear. This is the kind of test most commonly used in clinical work 
for ascertaining the acuity of hearing. But as sounds differ from 
each other in pitch as well as intensity, tests have to be used for 
the range of hearing (highest and lowest audible notes) and for 
the appreciation of small differences of pitch. These tests are all 
applied at a distance from the ear, /.6\, they are aerial tests. 

Tests used with the second object in view, that of localizing 

a^^^^r^- ^^^^^^^^"^^^ ^^^ partly aerial and partly immediate in their 
^p ica ion. In the immediate tests, the sounding body is connected 
interv^^-^^^^^^^ against some part of the skull, no air distance 
is indeed^h ^^^ ^uning-fork is the chief test thus appUed, and 
diQ#.ae^ u-^, '^^ "^^^* important aid we have in localizing the 
<lisease which causes deafness 



I. — Acuity of Hearing. 

The human voice, the tick of a watch, the various forms of 
acoumeters and metronomes, and other Hke instruments, are used 
for testing the acuity of hearing. 

The sounds of the voice are necessarily the most important of 
such tests, for the commonest practical use to which the human 
ear is put is to distinguish the sounds of the voice. According to 
the degree of deafness present, the voice may be used either as 
whispering, in conversational tones, or as loud shouting. Such 
tests can never of course be absolute, for there is no standard 
strength of voice, nor is any observer able always to speak 
with the same intensity ; but the voice has the great advan- 
tage of being a many-toned test, and with an organ of such 
an enormous range as the ear, no single-toned test is really of 
very great value. Voice tests have to be often repeated by the 
same observer, and carefully checked, before any inference can be 
based on them. 

Vowels are much better heard than consonants, and some vowels 
better than others. It is therefore common in high degrees 
of deafness to have the vowels recognized and the consonants 
mistaken. In the highest degrees of deafness, e.g., amongst deaf- 
mutes, the vowels A and O are often recognized when the others 
are mistaken. Both consonants and vowels are more easily made 
out than sentences, unless where the sense of the context suggests 
what the words should be. In giving test words or phrases, it is 
better to give unconnected elements such as the numerals 4, 9, i, 
or the words Robert, Thursday, January; the same words or 
numbers should not be repeated, but as much variety as possible 
used in giving the tests. 

The ears should be tested separately, the ear not under observation 
being firmly plugged by the forefinger of the patient or that of an 
assistant ; and as all deaf people lip-read to a great extent, the face 
of the patient must be turned away from that of the surgeon, or 
if both ears are being tested together, the patient should face the 
surgeon and look to the ground. 



but for use in the consulting-room a smaller instrument of more 
limited range can easily be made. If two such notes be sounded 
one after the other, of nearly the same pitch, the opinion of a 
listener can always be corrected by sounding the notes together 
and noting the beating of the tones. A difference of half a 
vibration, or one beat in two seconds, can be accurately measured, 
the value of this in the fraction of a semi-tone varying, of course, 
with the position of the notes in the musical scale. 

With this instrument the author has tested about 200 persons 
of all ages and of all degrees of musical attainment. Non-musical 
or miscellaneous companies generally had their capacity for 
appreciation severely taxed by intervals of A or A of a semi-tone. 
Many made mistakes at J of a semi-tone. Mistakes were oftener 
made with flattened than with sharpened intervals. On the other 
hand, pianists, tuners, viohnists, and other experts often recognized 
^ and even f'o of a semi-tone, but failed at smaller intervals. These 
last intervals in the middle parts of the musical scale represent a 
half to one vibration. Many musicians showed a sensitiveness 
for the octave almost equal to that for unisons. At a considerable 
distance comes sensitiveness for the fifth, and at a much greater 
distance that for the fourth, the major third, and major sixth. 

II. — Tests for Localization. 

Most of the tests used for localization of the diseases 
on which deafness depends are based on our knowledge of 
the fact that sound is conducted by solids as well as through 
the air. A vibrating tuning-fork, therefore, placed with its 
stem against the patient's skull, is heard independently of 
aerial conduction. This is known as bone conduction. In the 
normal ear, air and bone conduction have a definite relationship, 
and this latter is disturbed when the sound-conducting arrange- 
ments are diseased on the one hand, or when, on the other hand, 
there is disease, of the sound-perceiving apparatus. 

Tuning-forks used for localization purposes should be fairly 
large, of moderate pitch, and so loaded that they vibrate as long 



J 




I of the same metal is made to fall through a definite distance. Both 
the cylinder and the hammer are supported on a vulcanite upright, 
the ends of which are made concave for the reception of the thumb 
and finger. The distance through which the hammer falls is limited 
by its end nearest the hand coming in contact with a check which 
projects from the upright. The sound produced is like the tick 
of a very loud watch. The fall of the hammer gives a more resonant 
metalUc click, which under favourable conditions can be heard 
by a normal ear at a distance of 15 metres. 

For testing the bone conduction, a pin is fixed to the upright. 
This pin has a flat metal disc at its end, and this can be appUed 
to the mastoid process or other part of the skull. 

For testing aerial hearing in cases where the acoumeter is not 
heard, a metronome may be used. 

Having fixed the normal hearing-distance of any test, say 
voice, whispered speech, watch, or acoumeter, it is convenient to 
have some means of representing the result in cases of deafness. 

If the surgeon's watch be heard by a normal ear at 36 inches, 
this may be made the denominator of a fraction, normal hearing 
being represented as ^i. If the patient hears the same watch at 
18 inches, this is made the numerator of a similar fraction, and his 
hearing distance represented as !«. Similarly, if the acoumeter 
have a hearing value of 15 metres, and the patient hear it at 3 
metres, his hearing power for this test is Vs. 

But a clear idea must be held as to the meaning of such 
fractions. They are not per-centages. The man who hears the 
watch at 18 inches only, cannot be said to have lost exactly 50 per 
cent of his hearing. He has lost really much more, for sound 
diminishes in intensity as the square of the distance, not directly 
as the distance. It is quite true that any mathematical statement 
of such results is rendered incorrect by the fact that tests are 
usually apphed in small rooms, where reflection of sound interferes 
with the rigid application of the law of inverse squares, but it is 
also true that the results of hearing tests are usually stated by 
writers as if such a law were entirely non-existent. 
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In applying these tests it is also necessary to remember that 
the axis of best hearing is not at right angles to the side of the head, 
but at right angles to the floor of the concha, the collecting cup 
in the auricle ; and therefore, a watch or other test instrument is 
best heard when held downwards and forwards from the side of 
the head, instead of outwards at right angles to the side of the 
head. 

For shy children, who will neither repeat test numbers nor 
give any statement about the tick of a watch, the writer often 
adopts a method the results of which cannot be stated arith- 
metically, but which is very convenient, and which generally at 
once demonstrates the degree of deafness, or the fact that improve- 
ment has resulted from ventilation of the middle ear. The child 
is sent to the farthest corner of the consulting-room, with his face 
turned away from the surgeon, and with instructions that whenever 
a tap is heard he is to turn round. The surgeon then gives taps 
with his finger-nail of different strengths to various objects- 
chair, table, etc. — and may thus elicit evidence of hearing Mfhich 
he has otherwise failed to find. A little practice enables the surgeon 
roughly to measure these results. 

High and Low Notes. — Hearing tests have to be applied for both 
very high and very low notes. In certain classes of cases — diseases of 
the sound-conducting apparatus — the hearing for high tones is pre- 
served, whilst that for low tones disappears. In diseases of the 
auditory nerve the converse is the case. Further, in many cases of 
deaf-mutism, gaps in the hearing are found to exist ; or, rather, islands 
of hearing in the surrounding sea of deafness can be mapped out 
(Bezold). So that a continuous tone-series of some kind is required 
for the complete examination of the auditory nerve. Experiments 
by Preyer, Helmholtz, etc., seem to show that in a normal ear the 
lower limit of hearing is somewhere between 15 and 30 vibrations 
per second. Preyer used large forks and reeds ; Helmholtz large 
organ pipes, forks, and stretched strings. For cUnical purposes 
the largest forks in Bezold's continuous tone-series are reliable. 



From the lower limit, human hearing extends uninterruptedly 
up to between 40,000 and 50,000 vibrations per second — an 
enormous range when compared with such an organ as the eye; 
because from the red to the violet the vibration number is only 
doubled, so that the range of the eye for light is only one octave. 

Some people with otherwise normal hearing, and with acute 
musical ears, show deafness to high notes. Tyndall describes a 
case of a friend of his own who heard nothing of the shrill insect 
music caused by crickets, etc, which rent the air in the Alps. The 
writer has recorded a case in a man with a good musical ear, and 
otherwise normal hearing, who heard nothing of any sound higher 
than 5,280 vibrations. But apart from such exceptional cases, 
the failure to hear high notes must be considered as pathological, 
and is almost always accompanied by other evidences of a diseased 
condition of the internal ear. Chladni, WoUaston, Despretz, 
Appun, and Preyer have all attempted to fix the upper limit of 
human hearing, using forks, steel rods, sirens, and other instru- 
ments; but the most convenient instrument for this purpose is 
the whistle of Mr. Francis Galton, which for clinical purposes is 
quite satisfactory. This instrument consists of a very small brass 
tube of fine bore provided with a movable piston by which to vary 
the pitch, the sound itself being produced by the compression of 
a small rubber bag. The modification of Galton's whistle by 
Edelmann, and known as the Edelmann-Galton Pfeife, gives 
stronger notes than the original instrument, and as these notes 
are capable of fairly accurate measurement, it is the best instru- 
ment for use in the consulting- room (Fig. 23). 

Mr. Galton, in his Enquiry into Human Faculty, says : " On 
testing different persons, I found there was a remarkable falling 
off in the power of hearing high notes as age advanced. The 
persons themselves were quite unconscious of their deficiency, so 
long as their sense of hearing low notes remained unimpaired. 
It is an only too amusing experiment to test a party of persons 
of various ages, including some rather elderly and self-satisfied 
personages. They are indignant at being thought deficient in the 
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poirer of hearing, yet tiw experiment quickly shows that tVy m 
absolutely deaf to dtrill notes wliich yooDger persniK tear wtcif 
and the>' commonly betray much ifidike to the di scov q w - Enrr 
ooe has his limit, and the Hmit at which sotmds becacne too ^sfl 
to be audible to any particular person can be qaiddy detaniKd 
by this little instrument. Lcx-d Raykigh and otbeis have fannd 



fTi^r, 33.— Edelmann-Gaiion Wt 

(liHt nfrwhlvc rtnmes arc powerfully affected by the vibrations 
wlil«itlr« Hint iiro too rapid to be audible to ordinary ears. I ha 1 
tflcil Hif cxpfrlnii-nt with all kinds of animals on their powe rt 
\mu\un *\m\\ rir.tfs. I have gone through the whole Zoolo^cal 1 
itnuU'U* imliiK Mil apparatus tor the purpose. It consists of 




walking stick that is in reality a long tube. It has a bit of india- 
rubber pipe under the handle, a sudden squeeze on which forces 
a little sound. I hold the stick as near as is safe to the ears of the 
animals, and when they are quite accustomed to its presence and 
heedless of it, I make it sound. Then if they prick their ears it 
shows they hear the whistle. If they do not, it is probably 
inaudible to them. Still, it is very possible that in some cases 
they hear but do not heed the sound. Of all creatures, I have 
found none superior to cats in their power of hearing shrill notes. 
It is perfectly remarkable what a faculty they have in this way. 
Cats, of course, have to deal in the dark with mice and to find them 
out by their squeaks. Many people cannot hear the shrill squeak 
of a mouse. Some time ago, singing mice were exhibited in London, 
and of the people who went to hear them, some could hear nothing 
while others could hear a little, and others, again, could hear much. 
Cats are differentiated by natural selection until they have the 
power of hearing all the high notes made by mice and other little 
creatures they have to catch. A cat that is at a very considerable 
distance can be made to turn its ear round by sounding a note 
that is too shrill to be audible by almost any human ear." Mr. 
Galton also found that small dogs heard much higher notes than 
large ones. 

In some cases of deafness it is enough to ascertain the hearing 
acuity for a sound of one pitch, say that of a watch, an acoumeter, 
or of the human voice. But there are many cases in which a more 
exhaustive examination is necessary. Such are those in which the 
results at various pitches contradict each other, or in which they are 
positive at one part of the scale and negative at another. Where 
the deafness is due to a mixed condition^disease in both the 
sound-conducting and the sound-perceiving apparatus^the results 
at various pitches seem to contradict. Where entire destruction 
of part of the sound-perceiving apparatus has taken place, the 
tests may be positive at one or more pitches and negative at others. 
Such cases make the possession of a continuous tone-series of 
importance to the practitioner. It is probable that testing by 
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such an elaborate apparatus will never become the rule in every 
case of deafness ; the apparatus is costly, and its thorough 
application involves the spending of much time. But it is quite 
certain that for special cases testing by a continuous tone-series 
will be much more used than it is at present. 

As there seems to be a good deal of looseness in the minds of 
practitioners about the pitch of the notes referred to as hearing- 
tests, the following table is annexed for reference : — 







PITCH OF NOTES. 








32. ft. Octave. 


i6-ft. Octave. 


8-ft. Octave. 


4-ft. Octave. 


2 ft. Octave. 


z-ft. Octa%*e. 




Cu — Bii 


Ci — B 


C B 


c — b 


f» — 6» 


fW— t" 




Sub-contra. 


Contra. 


Great. 


Unaccented. 


Once accented. 


Twice accent'd 


c 


16 


3' 


64 


128 


256 


5" 


D 


18 


36 


72 


144 


' 288 


576 


E 


20 


40 


80 


160 


320 


640 


F 


21*3 


42'6 


852 


1704 


340-8 


68 r 6 


G 


24 


48 


96 


192 


1 384 


768 


A 


266 


53*^ 


1 06 '4 


212-8 


425*6 


851-2 


B 


30 


60 


120 


240 


480 


960 


! 

1 


i-ft. Octave. 

cUl _ ftlll 

Three Times 
Accented. 

1 

i 

1024 


J-ft. Octave. 

fiv _ Hr 

Four Times 
Accented. 

2048 


(V — !;▼ 

Five Times 
Accented. 


Six limes 
Accented. 

8192 


1 

Seven Times 
Accented. 

16384 


f Till ^vm 

Eight Times : 
Accented. 


C 


4096 


32768 


' I) 


II52 


2304 


4608 


9216 


'8432 


36864 


E 


1280 


2560 


5120 


10240 


20480 


40960 


F 


'363*2 


27264 


5452-8 


IC9056 


21S11 


43622 


(; 


'536 


3072 


6144 


12288 


24576 


49152 ' 


A 


1702-4 


34048 


6809 6 


13619-2 


27238 


54476 


li 


1920 


384c 


7680 

• 


15360 


30720 


61440 


Cu 












65536 . 



That these figures may have meaning given them, the following 
facts may be noted : — 

Throughout the sub-contra octave the perception of sound is 
not very definite, and when heard at all the sounds are heard as 
a lov buzzing or humming. This octave is not used in music 
except in combination, and it is represented only in the largest 
organs. Most pianos begin at A,, of the sub-contra octave — 266. 
vibrations, and extend through seven octaves to c" = 4096 
vibrations. The human voice, as used in singing, ranges from the 
lowest bass notes C of the great octave — 64 vibrations per 
second, to ('' of the J foot octave, ~ 2048 (soprano), Madame 
Nilsson is said to reach 2726 in // Flauto Magico. Individual 
voices have seldom a range of more than two and a half octaves. 
Politzer states that the vibration number of his acoumeter is c" 
^^512. That of the tick of watches varies, but is generally higher 
than that of the acoumeter. Notes higher than 5,000 vibrations 
are hardly ever used in music ; the highest notes of the piccolo 
flute reach this pitch. Above this, the human ear has some 
experience of notes produced by mice, crickets, etc., but whilst 
appreciation or hearing of high notes extends up to twenty, thirty, 
or even forty thousand vibrations per second, the power to differ- 
entiate small differences of pitch becomes very faulty after 5,000 
vibrations (e'). 

Bezold's Continuous Tone Series (Figs. 24, 25). — Several 
attempts have been made to supply a continuous tone-series 
which would be useful in testing human hearing throughout 
the whole gamut of appreciable sound. Appun constructed 
a series of thirty-one forks, the pitches of which ranged 
from ("",^2,048 vibrations, to £"",^40,960 vibrations per second. 
Herr Appun states that the mere work of making these forks cost 
more than one hundred guineas. Professor Preyer made exhaustive 
experiments with these forks, and these experiments, together 
with the parallel experiments with pipes conducted by the writer, 
have been noticed at length elsewhere. 

For clinical purposes the most convenient series of tests is 
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Bezold's continaoxis tone series, made by P^roiessor Edehnann, 
Munich. This series consists oi fourteen foris, and two whistles or 
closed organ pipes with movable stoppers, together with a modified 
Galton's whistle for the highest pitches. The forks are ananged 
in two sets of five and nine forks. The five larger forks are struck 
by the lower part of the palm of the left hand ; a striker is used 
for the nine smaller forks. The forks are provided with movable 
clamps by which their pitch can be varied. The fcx-ks range 
from Ci: = i6 \ibrations to j^ — 4,096 \ilMatioiis per second. 
The larger of the two whistles or organ pipes ranges from ^ =s 640 
to a'" = 1,702 \ibrations ; the smaller from a^ = 1,702 to a" = 
3^404 \*ibrations per second. The Edelmann-Galton whistle b^ins 
at a*"^ and reaches to a" , 54,476 Wbrations per second. Except 
that the largest forks are ver\" hea\y, and therefore difficult to 
handle — the largest weighs over 5 lbs. — testing with the series is 
easy. Bone conduction experiments with the larger forks are 
valueless, for the vibratory disturbance is too great. 

The following are the \nbration numbers of the fourteen forks : 

The vibration numlKn of the lowvr {v*rks .irc Ukea irxz. the f:«to 
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U 




u, 




10 — 


24 VI 


hraf.ons ... 
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. G, 




Di 




^4 — 


3^ 


unloaded 64 vibrations 
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• Hi 





A. 




35 — 


55 


unloaded 96 vibrations 


4 • 


.. A, 




F 




55 - 


go 


unloaded 128 vibrations 


5 • 


. G 


• — 


d 




93 - 


150 


unloaded 192 vibrations 


6 


.. (i 





a 




150 — 


212 


unloaded 256 vibrations 


7 • 


a 




d^ 




212 — 


2S8 


unloaded 3S4 vibrations 


8 


.. d^ 




a^ 




288 - 


425 


unloaded 425 vibrations 


9 • 


.. a^ 




d' 




425 - 


576 


unloaded 768 vibrations 


10 


.. d* 





a-^ 




576 - 


851 


unloaded 1,024 vibrations 


II 


.. g^ 




I, 


536 


vibrations 






12 


.. c» 


— 


2, 


048 vibrations 






13 • 


.. g* 




3' 


072 


vibrations 






14 . 


.. c' 




4i 


096 


vibrations 







The great pipe ranges from e» to a'" as above noticed, and 
marks are placed on the inner tube of the pipe for the notes 
between these extreme points. The same plan is followed in the 
smaller pipe, the range of which is from a"' to a'\ In the Edelmann- 



Galton whistle the width of the mouth-piece can be varied by 
turning the lower screw, and the length of pipe by turning the 
higher. A millimetre measure is marked on the instrument, and a 
table accompanies each instrument, by the help of which any note 
sounded can be read off by the examiner. (See Fig. z^-) 

Tests for the Apiireciation of Small Differences of Pitch.- - 
This test is rather a physiological than a clinical one ; but as cases 
occur in which appreciation for pitch is disturbed by the onset of 
disease, a convenient method of measuring such disturbance may 
be noticed. In constructing a test for the appreciation of small 
differences of pitch, the ^vriter 
has made use of two well-known 
facts in acoustics : (i) When 
two notes are sounded together 
which are nearly but not quite 
in unison, an unsteady sound 
characterized by alternate in- 
crease and diminution of the 
volume of the sound is pro- 
duced. This is the "beating" 
of the tones, and the number 
of beats per second is equal to 
the difference in the vibration 
number of the two tones. (2) 
Two open organ pipes of exactly 
the same pitch can be made to 
differ in pitch (and beat corres- 
pondingly) if a movable top be 
fixed to one of them. When 
the pipe is shortened the note is *■ «?"«• "f f^f**^ 

^ ^ B. SinEtB pipe wiTh maycHble top. 

sharpened, when it is lengthened JJ; i°"iS'i'ry*^i«h«. 

flattening results. °' "*"" '" ''"'- 

Such is the principle of the organ tonometer (Fig. 26) of the 
author. The instrument figured is for the testing throughout 
two entire octaves of the appreciation of small differences of pitch ; 
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Fig, 26, —Organ Tonometer. 



but for use in the consulting-room a smaller instrument of more 
limited range can easily be made. If two such notes be sounded 
one after the other, of nearly the same pitch, the opinion of a 
listener can always be corrected by sounding the notes together 
and noting the beating of the tones. A dilference of half a 
vibration, or one beat in two seconds, can be accurately measured, 
the value of this in the fraction of a semi-tone varying, of course, 
with the position of the notes in the musical scale. 

With this instrument the author has tested about 200 persons 
of all ages and of all degrees of musical attainment. Non-musical 
or miscellaneous companies generally had their capacity for 
appreciation severely taxed by intervals of ir'o or A of a semi-tone. 
Many made mistakes at ,'1 of a semi-tone. Mistakes were oftener 
made with flattened than with sharpened intervals. On the other 
hand, pianists, tuners, violinists, and other experts often recognized 
5i and even A of a semi-tone, but failed at smaller intervals. These 
last intervals in the middle parts of the musical scale represent a 
half to one vibration. Many musicians showed a sensitiveness 
for the octave almost equal to that for unisons. At a considerable 
distance comes sensitiveness for the fifth, and at a much greater 
distance that for the fourth, the major third, and major sixth. ^m 

II. — Tests for Localization. ^M 

Most of the tests used for locaUzation of the diseases 
on which deafness depends are based on our knowledge of 
the fact that sound is conducted by solids as well as through 
the air. A vibrating tuning-fork, therefore, placed with its 
stem against the patient's skull, is heard independently of 
aerial conduction. This is known as bone conductiott. In the 
normal ear, air and bone conduction have a definite relationship, 
and this latter is disturbed when the sound-conducting arrange- 
ments are diseased on the one hand, or when, on the other hand, 
there is disease, of the sound-perceiving apparatus. 

Tuning-forks used for localization purposes should be fairly 
large, of moderate pitch, and so loaded that they vibrate as long 
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as possible {Fig. 27). When using the forks aerially, the flat side 
of the prong of the fork should be held parallel with the side of 
the head. If the fork be rotated on its axis so that the angle of 
the prong be nearest the head, " interference " of sound will take 
place and nothing will be heard. The following fork tests are in 
common use :— 

1. Schwabach's Test (Simple Bone-conduction 
Test). — When there is obstruction in the sound-con- 
ducting apparatus (disease of the external or middle 
ear) a vibrating tuning-fork held against the skull is 
heard longer than under normal conditions. Schwabach 
also noticed that the period of perception is shortened 
in disease of the auditory nerve. 

2. Rinne's Test (Combined Air and Bone-con- 
duction Test). — A tuning-fork held just outside the 
opening of the external auditory canal is heard a little 
longer there than when its stem is held against 
the normal mastoid process. Air conduction, there- 
fore, is superior to bone conduction in normal 
individuals. When this is the case Rinne's test may 
be described as positive, thus : Rinne + left ear. 

3. Weber's Test. — When a strongly - sounding 
tuning-fork is held against the forehead, or on the 
vertex, in the middle line, and when one ear is firmly 
closed by the tip of the finger, the sound seems 
enforced or strengthened, and is referred to the closed 
side. The result of Weber's test may be described as ; Weber 
towards the left or right ear ; or Weber in the worse or better ear. 

4. Gelle's Test.— V^hen an air-tight nozzle is introduced 
into the external auditory canal and connected by a short rubber 
tube with an air-bag, it is possible, by compressing the bag, to 
influence the air-pressure in the meatus, and through the tympanic 
membrane, the pressure in the middle ear. If the foot-plate of the 
stapes be movable, the pressure within the labyrinth will also be 
raised. A sounding fork held on the mastoid process during the 



Loaded Fork. 



K- zi^ii^E^ :f the ear. 



z/c^h^^^ '^■- <» — -*^ -- — — ..-fajstr^ ^r?r?.^— r can i»e fnafir to reacn 

t-i-r ^&» -- 

:;. GiriiK^r BrrsKi Tfi: — A '.2uZt -.ibcatin^ tnnine-fork hdd 

bv the 5:em :r. th-r har.i :: the surer-:- is felt to vibrate abom the 

same length of time a? :t lir. b»e h-r^ri when ap^^ied to tbe masUMd 

process of a normal ear. Yrls test is best app-Iied by reiix>viiig the 

fork from the niastoii pr>:es5 :: the patient, and pressiiig its end 

lightlv against the tip o: the ::re±n§er of the examiner's left hand. 

APPRECIATION OF \4RIOlS TEST& 

Gardiner Brown's test is o: ^eat practical \-alae in high 
degrees of auditor\- ner/e ieainess. and is ver>- easfly applied. 
Weber's and Rinne's tests are the znysz valuable in the slighter 
degrees of deafness. They depend for their value on tbe lact that 
when the meatus is occluded, :.^.. by the linger or by a plug of 
wax or when disease interferes with the mobihty of the t^'mpanic 
structures as, e.g., in chronic aurai catarrh, the normal inlet for 
aerial vibrations and the normal outlet for bone conduction \*ibra- 
tions are obstructed. This results in an increase of resonance in 
the affected ear when the fork tests are employed, and disease of 
the sound-conducting apparatus is thus made known. Weber's 
test is chiefly valuable in one-sided deafness. When Rinne s test 
is negative there is almost certainly disease of the bOund-conducting 
apparatus. A decidedly short oici Schwabach means disease of the 
sound-perceiving apparatus. 

The application of these tests will be considered in discussing 
the diseases for the discovery of which they are applied. But it may 
be stated that no one tost taken alone is of much diagnostic value, 
and that in some cases, all of them put together will fail to give a 
safe basis for a diagnosis, unless a clinical history and an objective 
examination be added. On the other hand, there is hardly any 
case of deafness which cannot be ultimately accurately diagnosed if 
the tests are carefully applied, and the results carefully checked and 
put alongside the clinical history and the objective examination. 



DIAGNOSIS AND EXAMINATION. 8i 

The most important aerial test is Whispered Speech. If 
this can be heard distinctly across the length or width of 
a consulting-room (say 20 feet) deafness of a high degree does 
not exist. So much cannot be said of any other aerial test. A 
watch or an acoumeter may be badly heard, and yet hearing for 
common speech may be good. But for the statements of com- 
parative results, and for noticing the effects of treatment, the watch 
or the acoumeter is necessary. They give sounds of constant 
intensity, which whispering does not. Whispering is superior to 
vocal speech, because the vowels are absent or greatly subdued, 
and because the test by vocal speech is too loud for the lesser 
degrees of deafness. When speech in whispers is not heard, 
conversational tones should be tried, and a note should be made 
whether the louder vowels alone are heard (a and 0) or the weaker 
ones also (e and w). 

The same caution must be used in applying the tuning-fork 
tests. Where only one part of the hearing organ is involved, it 
is not difi&cult to localize the cause of the deafness as existing in 
the sound-conducting or the sound-perceiving apparatus, but it 
is quite common for one part to be primarily or chiefly affected, 
and the other secondarily or in a less degree. Further, the results 
at one part of the scale may not tally with those at the other parts, 
and thus apparently contradictory statements may emerge at the 
end of the investigation. But this is not surprising in dealing 
with an organ with such a wide range as the ear, and the examiner 
must have beside him (whether he use them often or not) " the 
whole battery of detective instruments " for the unravelling of 
diflicult cases. 
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Chapter IV. 

GENERAL PROGNOSIS AND TREATMENT. 

Prognosis in Ear Disease: (i) With regard to Life; (2) With regard to Hearing — 
General Principles of Treatment : (i) The Prevention of Ear Disease; (2) The 
Management of Deafness not associated with Middle Ear Suppuration ; (3) The 
Management of Suppurative Disease within the Temporal Bone — The use of the 
Aural Syringe — Wet and Dry Methods of Cleansing the Middle Ear — ^Treatment 
by Ventilation of the Middle Ear. Massage and allied methods of Treatment — 
Nasal Operations in Ear Disease — Climate and Ear Disease. 



PROGNOSIS. 

Prognosis must be considered with regard to : (i) Hearing ; 
(2) Danger to life. I 

I. Hearing. — Generally speaking, deafness of recent origin is 
curable, while deafness of very old standing is not. But this general 
rule is subject to correction by a consideration of the causative agent 
in each case. For instance, syphilis sometimes causes pretty sudden 
deafness, which, though treated at once, may never disappear. 
On the other hand, a ceruminous collection may occur gradually 
in both ears of a middle-aged or elderly man, and cause, over a 
period of months or even years, gradually increasing deafness, 
which can be removed at once by a few appUcations of the aural 
syringe. But with exceptions Uke these the general rule about 
recent and chronic deafness holds, and it depends for its truth on 
this fact, that in old-standing ear affections, whether suppurative 
or non-suppurative, structural changes have taken place in the 
middle or internal ear, or in both, which cannot be removed even 
by a removal of their cause. This statement is true, both of chronic 
aural catarrh and of chronic suppurative otitis media, although 
the pathological changes in the two diseases differ widely. 
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On the other hand, in recent diseased processes attended by 
deafness, the removal of the cause generally cures the deafness. 
Ulcerative and sclerotic changes have not taken place, and if we 
except syphiUs as mentioned above, and the rapidly destructive 
changes in the ear attending scarlet fever and diphtheria^ and in 
the auditory nerve in meningitis, the statement that recent deafness 
is curable is very generally appUcable. 

Deafness which varies from time to time, esp>ecially with 
weather conditions, is generally curable. Such deafness is due to 
interference with the ventilation of the middle ear by way of the 
Eustachian tube, and if this air-way can be permanently estab- 
lished, permanently improved hearing will result for the patient. 
Hearing better in a noise warrants a bad prognosis. This 
phenomenon {Paracusis Willisii) is observed in chronic aural catarrh 
with thickening and stiffening of structures in the middle ear, 
also in otosclerosis {see page 148). 

Heredity, as a factor in the formation of a prognosis^ should 
be constantly remembered. In tuberculosis, in syphilis, in 
rheumatism and gout, in deaf-mutism, and in many other conditions 
it has its influence. In middle life, and even in youth, the occurrence 
of several cases of deafness in a family should warn the practitioner 
of otosclerosis, and make his prognosis guarded, even if the symptoms 
in the particular case under notice be in their earliest stages. 

2. Danger to Life chiefly arises in the course of suppurative 
middle-ear disease, and it is in the chronic rather than in the acute 
suppurations that septic material is apt to pass into the brain and 
into the great venous sinuses. The operative treatment for middle- 
ear suppuration, carried out in the absence of intra-cranial 
complications, is eminently safe ; if the latter be suspected the 
prognosis must be very guarded. With a single infection — brain 
abscess or sinus thrombosis — the prospects are better than when 
there is a mixed infection, and both exist or a meningitis is added. 
It should be remembered by the surgeon, and carefully explained 
to the patient, that even in the absence of acute symptoms a 
middle-ear suppuration is a menace to Ufe ; that whilst the danger 



may be a distant one, it is pretty sure to declare itself in the long 
run, unless persistent treatment bring about complete healing. 

GENERAL TREATMENT. 

The general principles of the treatment of ear disease may 
be discussed under these headings : (i) The prevention of ear 
disease ; (2) The management of deafness not associated with 
middle-ear suppuration; (3) The management of suppurative 
disease within the temporal bone. 

I. The Prevention of Disease. — Unless there be discharge, 
cotton-wool should never be worn in the external auditory canals. 
The practice in no way protects the individual, either from ear 
disease or any other disease. The exceptions which may be 
reasonably made to this rule are during sea-bathing, and whilst 
engaged in work amidst very dirty or noisy surroundings ; and 
a specially-made rubber plug (Figs. 28 and 29, sound deadeners) is 
better under these conditions than a piece of cotton-wool. 

ilAl fttt I 

fi'g^. iS. — Rubber E.ir Protectors J^i^. 3g,— Celluloid Ear Protectors. ^^^^^^| 

Pins, hair-pins, and hard instruments should never be used 
in the ear for the relief of itching, or the removal of cerumen. The 
ears should be examined and the irritant removed by the syringe. 

During the treatment of the exanthemata the ears should 
be examined by the practitioner, whether the nose and throat 
symptoms are well marked or not ; and if the latter are well 
marked, they should be vigorously treated, in case infection be 
carried to the ear. 

The practice of boxing the ears, either in the family or the 
schoolroom, should be discouraged. Rupture of the tympanum, 
or concussion of the labyrinth, may be caused in this way. 
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People with a family history of deafness must be warned to 
avoid nasal catarrh, and to attend to the first symptoms of auditory 
disturbance, whether it be deafness, tinnitus, or other S3rmptoms. 
Patients who have had middle-ear discharge which has been cured 
or arrested, must be warned about the readiness with which such 
discharge returns if re-infection of the middle ear from the throat 
occur, or if foreign matter (water, soap, dust, etc.) be allowed to 
enter by the meatiis. During sea-bathing, or during the perform- 
ance of the toilet, the ears of such patients should be temporarily 
closed by a plug of cotton or by a rubber stopper. StufiSng tte 
comer of the towel into the meatus to dry it, is a practice 
which often leads to the accumulation of cerumen within 
the meatus. So also is the use of the instruments called aurilaves, 
ear sponges, etc. The putting of glycerin, oils, etc., into the ear 
for the softening of actual or hypotitietical plugs of wax, is to be 
discouraged. The softening action of these agents is almost nil. 
The canal should be examined, and if a ceruminous collection be 
discovered, it should be removed as directed on page io6. 

2. The Mana^ment of Deafness not associated with Ear 
Dischar^ — The great majority of such cases are due to preceding 
and long-continued disease of the nose and naso-pharynx. So &r 
as these are causes of aural disease, their management will be discussed 
in detail in their proper place. Any tendency to cold in the head 
must be removed, in case it leads to deafness. Nasal obstruction, 
mouth-breathing, or snoring during sleep, should direct the attention 
of the practitioner to the examination of the mouth and nose, and 
their causes should be removed, whether these latter be enlarged 
tonsils, adenoid vegetations, enlarged turbinated bodies, nasal 
polypi, a deflected septum, or any other cause. 

When deafness actually occmrs in these cases, its early treatment 
is of the greatest importance. After the membrane has been sucked 
in towards the internal wall of the vacuous drum ca\nty, after 
adhesions have taken place between the ossicles and other structures, 
and after ankylosis of the ossicular joints themselves has occurred, 
the treatment is even less hopeful than in similar fibroses elsewhere 



in the body, for the middle ear is less accessible to massage and 
other measures for the restoration of function than most other 
organs. The late removal of the cause of such deafness does not 
cure the deafness. The indications are for the early removal of the 
causes, and the vigorous treatment of the deafness at the earliest 
possible stage. 

3. The Management of Suppurative Disease within the 
Temporal Bone. — Once suppuration has begun within the middle 
ear, all the conditions exist for its prolongation. The middle ear 
is an ideal incubating chamber, in which the conditions of heat and 
moisture, so necessary for bacterial propagation, exist. It is 
surrounded by recesses and smaller chambers, which afford equally 
favourable conditions, and from which the removal of diseased 
products is even more difficult than from the middle ear itself. 
It is true that a tympanic abscess nearly always bursts through 
the membrane, and finds exit through the smooth-walled external 
auditory canal, which forms a natural drainage tube from the 
tympanum. But the exit — the perforation- — is often too small; 
it is often placed wrongly for drainage; and before the latter is 
thoroughly established, irreparable damage has often been done 
to the delicate structures in the tympanum, and disease has spread 
to the important structures around. Hence, a tympanic abscess 
should be opened at the earliest possible opportunity, and the incision 
should be made in the best position for drainage. For the same 
reason, an insufficient opening should be freely enlarged, in a down- 
ward or backward direction. 

When pus thus finds exit to the external auditory canal, the 
method of its removal from thence, and from the middle ear itself, 
must be determined by the surgeon. It may be removed either 
by the dry method or by an aural syringe. Careful drying by an 
expert hand will remove most of the secretion from the canal, and 
theoretically the dry method may lessen the risk of carrying any 
infection from without. But no drying will remove all the discharge; 
some must get plastered against the walls of the canal and middle 
ear, and collect there as flakes of infective material. In all cases. 



in the ear of the patientj and in the case of children may greatly 
frighten them. Sjninging should not be continued after the fluid 
returns clear, and the speculum should be used from time to time, 
so that the operation be not needlessly prolonged. Except in the 
case of ceniminous collections and epithelial plugs, prolonged or 
forcible use of the syringe is never necessary. Ordinary suppurative 
discharge is removed by one or two fills of the syringe. If giddiness 
occur, the operation must cease and the head be turned to the side, 
so that the ear may empty itself quickly, or a cotton tip may be 
inserted, to soak the fluid from the drum cavity. In any case, very 




Fi^. JO. — Intra -tympanic Syi 



Fig. 31. — Blake's Intr;i-tympanic Syringe. 



careful drying should follow the syringing of an ear. Half a dozen 
well-applied tips of cotton are necessary for the proper drying of 
the tympanum and the external auditory canal, and they often 
have to be appUed accurately to small pockets and crevices in the 
middle ear. The attic and cellar of the tympanum need special 
care. In disease of the attic, a fine intra-tympanic syringe with a 
movable tip (Figs. 30, 31), capable of directing the cxurent 
upwards or backwards to recesses containing tough, membranous, 
or cheesy masses, is necessary. Great patience is required in the 



management of such cases, as success may save the patient a 
serious operation. The treatment must be faithfully carried out 
by the surgeon. 

After the drying of the ear^ some special medicament may be 
appHed, according to the indications ; but in any case some light 
dressing must be applied, to prevent the entrance of dust, water, 
etc. A piece of sterilized cotton or of hght tape gauze does well. 
Such a dressing must be removed before it is soiled to its outer end, 
and the cleansing of the ear repeated. In addition to their use by 
the syringe, medicated agents are used in the practice of aural 
surgery in the forms of the ear bath, ear drops, jrowders and 
ointments ; whilst stronger agents, such as caustics, are applied 
on cotton-tips, and probes. Lastly, nasal douches, sprays, and 
gargles, are used as adjuncts in the management of concomitant 
diseases of the nose and throat. 

Local Sedatives have only a Hmited use in the treatment of the 
acute or painful affections of the ear. A poultice should hardly 
ever be applied to, or near, the ear. If pus exist within the temporal 
bone, immediate vent should be made for it, and it is better to make 
an unnecessary incision in the tympanic membrane, than to run 
the risk of the spread of the suppuration in dangerous directions 
by temporizing with poultices. After the incision has been made, 
if pain persist, warm moist heat by fomentation may be tried, or 
if discharge be profuse, warm antiseptic lotions applied by the 
aural syringe may be used ; but too long time should not be spent 
over such measures. The persistence of pain means unrelieved 
tension in most cases, and further operation is demanded. 

Local Blooil- letting and the application of Cold may be useful 
in the very earliest stages of acute middle-ear affections. The 
former is best effected by means of leeching, or an incision down to 
the bone behind the auricle on the mastoid process ; the latter by 
Leiter's coil. Unless the symptoms recede almost at once under 
these measures, incision of the membrane, and later (if necessary) 
opening of the mastoid cells must be carried out. 



As diagnostic measures, an appreciation has been given of the 
value of the various methods of ventilating the middle ear : infla- 
tion by Valsalva's method. Politzerization, and catheterization. 
For precision, efficiency, and safety, catheterization stands easily 
first. The affected ear alone can be separately dealt with, thus 
ehminating all risk of injury to the membrane of the sound side, 
and there is less risk of carrying infection into the middle ear from 
the nose or naso-pharynx than when Pohtzer's bag is used. Then 
the width and position of any stricture in the tube can be determined, 
and its further treatment carried out more thoroughly by dilatation. 
On the other hand, Politzerization is convenient, more easily apphed 
in the cases of children and nervous patients, and in a few cases, 
because of the momentary great pressure of air which takes place 
in the middle ear, it does more for the patient than catheterization. 
But the catheter cannot be used for children or nervous persons, 
and many practitioners do not possess the skill necessary for its 
easy introduction. There is hardly any surgical manceuvre the 
constant practice of which by the surgeon makes so much for 
rapidity on his part and comfort on that of his patient. Every 
patient seems to dread the passage of the catheter. If treatment 
is to continue, this dexterity must be possessed by the surgeon. 
For these reasons, therefore, Politzerization is more generally used 
by the practitioner. And it is after the radical treatment in the 
nose and naso-pharynx, the removal of enlarged tonsils, of post- 
nasal adenoids, and of nasal obstructions, that Politzerization has 
its chief use. Enlarged tonsils and adenoids exist mostly in children, 
who would not submit to repeated catheterization, and here the 
air bag alone suffices for the ventilation of the ear, and its use is 
most important for the further improvement of the hearing. 
Politzerization should not be started for a week or so after the 
operation for clearing the naso-pharynx, and during this period 
the post-nasal space should be made as clean as possible by appro- 
priate treatment. 

The use of the Eustachian Bougie cannot be said to have passed 
into the general practice of aural surgery. This is partly because 



of the difficulty of using it, and partly because of the temporary 
and uncertain nature of the results which follow its use. An old 
stricture in the Eustachian tube, like a similar stricture elsewhere, 
tends to re-contract, and even if one succeed in keeping it open, 
the changes in the middle ear which have resulted from the long 
continuance of such a stricture are usually irremovable. At the 
same time, cases occur in which it is useful as a part of treatment, 
and also as a means of diagnosing stricture of the Eustachian tube. 
Eustachian bougies may be made of celluloid, catgut, silkworm gut. 
or any substance which has sufficient flexibility and resistance 
{Fig. 32). They must be perfectly smooth on the surface, and 
must not be brittle, in case the end of the bougie be left in the tube. 



Fi^, 3;. — Easlachi.in BoU(;ies. 

The bougie is passed through a catheter, within which it moves 
easily. The catheter should be short, but its tip should be long 
and well curved. It must be held firmly in position during passage 
of the latter. Upon the length of the bougie is marked the length 
of the catheter, so that the surgeon may know when the bougie is 
at the tip of the catheter. The tube is an inch and a half long, 
and almost all obstructions except bony growths of the osseous 
part, occur in the cartilaginous part of the tube. About an inch 
proximal to the first mark on the catheter is placed another mark, 
for the guidance of the surgeon in estimating the position of the 
tip of the bougie within the tube. It is seldom necessary to intro- 
duce the bougie for a greater distance than one or one-and-a-quarter 
inches. The middle ear should not be entered. When a stricture 
is reached, a feeling of resistance is experienced by the surgeon's 
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hand, and when the stricture is overcome, especially if it be short, 
the bougie passes onwards somewhat suddenly. The bougie should 
be passed slowly, with great caution, and if resistance be met with, 
the instrument should be rotated on its axis as well as pushed 
steadily forward. 

For the removal of the products of inflammation which have 
caused rigidity of the sound-conducting apparatus, fluids are some- 
times injected into the middle ear through the Eustachian catheter. 
With an intact membrane only a few drops of fluid can be thus 
introduced. But where perforation has taken place and the 
perforation is patent, a large quantity of fluid may thus be used, 
and inspissated material may thus be washed through into the 
external auditory canal. In either case, whether the quantity to 
be introduced be large or small, the catheter must be well fitted 
into the mouth of the Eustachian tube, and the fluid to be injected 
is driven from a Pravaz syringe, or a larger syringe used solely for 
this purpose, through the catheter into the middle ear. Some of 
the fluid passes into the naso-pharynx. With an intact membrane, 
a few drops of fluid are driven into the catheter by the Pravaz 
syringe, whence it is further removed into the middle ear by the 
air-bag appUed to the catheter. With a perforated membrane the 
larger syringe alone is used, and the fluid may be driven through 
the middle ear. 

This method of treatment seems to the writer to have only 
a very limited use. For the cleansing of the middle ear of inspissated 
pus, etc.. Politzerization, followed by the use of the ordinary aural 
syringe, or in association with the intra-tympanic S5ainge, seems 
sufficient. For the use of this method in chronic aural catarrh 
see page 151. 

Massage and Allied Modes of Treatment in Ear Disease. 
— Both for diagnosis and treatment, it is often desirable to have 
some means of altering the air pressure within the external auditory 
canal. If the air pressure within the middle ear has become reduced 
by closure of the Eustachian tube, inflation from the throat by air- 
bag alone, or by catheter, may balloon the membrane in whole or in 
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amongst the deaf, especially in childhood and youth. But in the 
nose proper, operation is not so likely to be attended by improvement 
in the hearing. In very old cases of deafness, even if the nasal 
trouble be the cause of the deafness, the removal of the nasal 
obstruction is not likely to give back much of the hearing. But 
in comparatively recent cases, operation on the nose may not only 
be proper, and directly beneficial to the hearing, but it may be neces- 
sary for the easy passage of the Eustachian catheter. If there be 
subjective nasal sensations — stuffiness of the head, mouth-breathing, 
and difficulty in getting rid of the nasal mucus — ^the operation on 
the nose should be done for the relief of these symptoms, and unless 
the deafness be very old, the operation should be followed by 
persistent ventilation of the middle ear, and by catheter, and by 
other measures for the improvement of the hearing. But operations 
in old cases of deafness without any subjective symptoms in the 
nose, will do no good, and their practice is likely to bring aural 
surgery into disrepute. The surgeon should not accept offhand 
the statement that the patient has had no nasal obstruction. The 
latter must be told how to test for such obstruction, and to report to 
the surgeon the results of his observations. (5^^ chapter on 
'' The Naso-pharynx and the Ear.") 

For the treatment of nasal conditions causing or accompanying 
ear disease, local applications may be used, either in spray, vapour, 
or solution. The most effectual method of applying solutions 
is by means of the nasal douche (Fig. 21, p. 63). The principle 
of the syphon is made use of here. From a vessel, the bottom 
of which stands several inches higher than the nose of the 
patient, the warm solution is made to pass in by one nostril 
and out by the other, the soft palate (which becomes applied to 
e roof of the naso-pharynx) directing the current round the 
and ^^^^ ^^.^dcr of the nasal' septum into the second nostril, 
th ^l^^^'^^^^^^g it from going into the pharynx proper. In case 
and f]^ ^^ pressure in the naso-pharynx becomes too great, 

fluid m h^ ^^ *^^^^^ ^P *^^ Eustachian tube into the ear, the 
^us be made to enter the nose by the narrower, or less open 
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nostril. The vessel containing the fluid should not at first be more 
than a few inches above the level of the patient's nose. The solutions 
used are generally alkaline, so as to detach tough mucus and crusts 
which may occupy the nose or naso-pharynx. 

The Climatic Treatment of ear disease is apt to be overlooked 
in these days of more efficient local treatment and radical operation. 
In suppurative disease of the middle-ear, change of air has the same 
advantage as in suppurative disease elsewhere. The local measures 
for the stopping of discharge will, if they succeed, be followed by 
improved general health, and if they fail, change of air will not do 
much good. Climatic treatment, like tonics and good feeding, 
must never take the place of well-directed local treatment. But 
as an aid to the latter, change of air is important. 

It is in non-suppurative cases that climatic treatment is more 
important. Post-nasal adenoids and hypertrophic changes in the 
nose, causing deafness, are commonest in damp climates, and after 
these have been corrected by surgical means, removal of the patient 
to a high, dry climate will do much to restore hearing. But without 
efficient local treatment to begin with, such removal — unless it be 
permanent — will not give continued improvement in hearing. 

In tubercular cases, prolonged residence at the sea side or, 
better still, at a high altitude amongst pine woods, may be tried. 



Chapter V. 

DISEASES OF THE EXTERNAL EAR. 

Eczema — Herpes — Lupus — Erysipelas — Chilblain and Frost-bite — Lividity^ 
Othaematoma— Rarer Diseased conditions of the Auride— Diseases of the External 
Auditory Canal : Ceruminous Collections, Epithelial CoUecdonSp Otoms^cosis— 
Foreign bodies in the External Auditory Canal — ^Boils in the External Auditory 
Canal — Diffuse Otitis Externa — Cholesteatoma — Stenosis and Qosure of the 
External Auditory Canal — ^Exostosis of the Canal — Malformation of the External 
Ear. 

The Auricle, standing out as it does from the head, consisting of 
thin plates of cartilage covered immediately by skin, is apt to 
have its circulation disturbed by changes of temperature, more than 
any other part of the body. Frost-bite, chilblain, eczema, blood 
tumour, and injury, are thus predisposed to. Herpes, er^rsipelas, 
and other diseases of the skin are also common on the auricle. In 
addition, the external ear is occasionally malformed. It may 
also become the site of malignant growth, of abscess, or of cysts, and 
its cartilage may become inflamed. 

DISEASES OF THE AURICLE. 

Eczema of the Auricle, except in its causation, and as it is 
modified by the special anatomical facts above noticed, does not 
differ materially from the same disease elsewhere. In little children 
— durmg the first year of life — the disease is apt to form part of 
the disturbance attending the eruption of the milk teeth, and 
attacks the posterior surface of the auricle, the mastoid process, and 
the groove between these two surfaces, thus having the features 
of an intertrigo. The disease may be pretty acute, and cause much 
annoyance to the child. From the third to the tenth year, the 
disease is very prone to attack the auricle in weakly, strumous 
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children, and in these cases there is almost always an infective 
middle-ear discharge, or an infective skin eruption on the side of 
the head near the auricle. Unless these be discovered, successful 
treatment is not likely to be instituted. Such an eczema causes 
crusting of the auricle : the disease may not only spread superficially 
over the side of the head and face, but may cause enlargement and 
suppuration of the lymphatic glands near the surfaces involved. 
It is in tubercular cases, however, that such suppuration of these 
glands is most apt to occur. In adult life eczema is less common 
than in childhood ; but a middle-ear discharge, especially if un- 
treated, may set up an eczema of the lobule and neighbouring 
parts of the auricle, just as it often causes boils in the external 
auditory canal. 

Apart from middle-ear discharge, eczema may be brought about 
by sudden heating followed by chill, by the excessive heat of the 
sun, by cold bathing, and during treatment by such drugs as 
iodoform and boracic acid. In any case of eczema of the auricle, 
the disease may spread to the external auditory canal. Here, the 
swelling of the auricle, which is a marked feature of the disease, 
closes or greatly narrows the lumen of the canal, and if there be 
discharge from the middle ear, the examination and cleansing of 
the latter may be a matter of great difficulty. The disease may 
attack the external auditory canal, without any appearance on the 
auricle proper. This happens most commonly in adults, and is 
nearly always associated with some irritant in the canal (cerumen, 
foreign body, etc.) or with some well-marked constitutional cause 
(gout, rheumatism). From the canal the disease may spread to the 
tympanic membrane, causing vesiculation, ulceration, or even 
perforation of the latter {Plate III, Fig. H.). 

Acute eczema runs a rapid and definite course. The vesicles 
rupture, the secretion is abundant, forming when it dries yellowish 
crusts, and in favourable cases a fine epidermic layer forms 
underneath these, and recovery takes place. Or, the disease may 
drift into the chronic form, and then the changes, besides the forma- 
tion of crusts, are those of thickening of the skin and its underlying 



100 DISEASES OF THE EAR, 



connective tissue. Chronic eczema of the external auditory canal 
causes troublesome irritation, tempting the patient to introduce 
sharp instruments into the canal and scratch the itching surface. 
Chronic eczema of the external ear is often very obstinate, and 

relapses are apt to occur. 

The Symptoms of acute eczema are a sensation of burning, 
tingUng, and itching of the auricle. In some cases actual pain is 
felt, and there may be fever, restlessness, and insoninia. Only il 
the disease spread inwards to the meatus, is deafness added to the 
list of symptoms. This deafness is due to the obstruction of the 
lumen of the canal by desquamated debris, and by a swelling of its 
walls. There may be hyperfemia of the middle ear and troublesome 
subjective noises as a consequence. In chronic eczema, the chief 
symptom is the troublesome itching, to which may be added deafness 
if the canal become occluded by debris, and tinnitus, either from 
the presence of this dt-bris or from actual spreading of the disease 
to the tympanic membrane. 

The indications for Treatment are, the removal of the cause, 
whether that be local or constitutional, and the application of 
proper dressings to the eczematous surface. Unless there be profuse 
discharge or ceruminous collection in the external auditory canal, 
the aural syringe should not be used. Neither should the auricle 
be washed or wetted oftener than is necessary. The canal should 
be carefully cleaned and dried with fine cotton-tips, and after the 
crusts have been softened, the auricle should be wiped clean with 
little pieces of lint or with cotton-wool. Crusts may be softened 
by a starch poultice, by olive-oil dressings, or by vaseline. After 
the surface has thus been cleansed, the dressing should be immediately 
applied. If an ointment, this should be spread on Unt, and the 
latter moulded into the concavities of the auricle and over the 
helix to the posterior surface, passing, if necessary, into the retro- 
auricular groove and to the mastoid surface. Neither boracic acid 
nor iodoform should be used in the treatment of eczema of the 
auricle, as both sometimes actually produce the disease. If the 
aural syringe must be used, a weak carbolic lotion is suitable. The 
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best ointments are those of the oxide of zinc and the oleate of 
bismuth, in acute or subacute cases, and those of tar and mercury 
in the chronic cases. In acute cases a lotion of lead is useful, 
after which the surface may be dusted with zinc oxide or 
starch powder, or the sedative ointments of zinc or bismuth 
may be used. In very chronic or scaly eczema, the part may 
have to be treated with salicylic plaster to effect the removal 
of the scales. 

The general health must not be neglected. In strumous children 
cod-hver oil and the milder preparations of iron are indicated, 
whilst in all chronic cases occurring in adults, the administration 
of arsenic is very helpful. Patients with eczema should not be 
sent to the coast. If a change of air be indicated, Buxton or Harro- 
gate should be tried, and in any case it is better to send the patient 
inland than to the seaside. . 

Herpes, either alone or associated with a neuritis of the 
auricularis or the auriculo-temporal nerve, may attack the auricle 
and follow the typical course, the appearance of the vesicles being 
attended by pain, itching, and fever. The local treatment is by 
evaporative lotions, dusting powders, and protection of the parts 
by light dressings. The general treatment is by light diet, and 
the administration of saline aperients. The pain may be so severe 
as to demand treatment. Phenacetin or antipyrin may be tried, or 
if necessary an opiate may be given. 

Lupus of the auricle is a comparatively rare condition, which 
does not differ essentially from a similar condition of the side of 
the face, with which it is often associated. The particular variety 
of lupus present on the auricle depends on the character of the 
disease on other parts of the body, and changes from one form to 
another may take place. The commonest forms of treatment are 
based on the destruction of the lupoid tissue by caustics, or the 
excision of the affected parts, and their partial restoration by plastic 
operation. Recently, Rontgen rays, Finsen's light treatment, 
and high-frequency currents have been employed with great success, 
but whether the results are permanent remains to be seen. Whether 
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the result be permanent or not, the resulting scar is softer and more 
pliable than after cutting operations. 

When Erysipelas attacks the face and side of the head, the 
auricle often becomes involved. When these attacks are rei>eated, 
permanent hypertrophy of the skin over the auricle, and of that 
lining the external auditory canal, takes place, producing an unsightly 
thickening of the former, and a narrowing of the lumen of the latter. 
The treatment is the same as that for the disease elsewhere . 

Occasionally still, though not so commonly as formerly, the 
lobule is pierced for the suspension of ear-rings. A Traumatic 
Dermatitis, sometimes spreading to the deeper tissues, and causing 
abscess of the lobule, may arise round the point of puncture. The 
treatment is the thorough disinfection of the wound, and a regular 
dressing until healing takes place. 

Chilblain of the auricle is not uncommon, and in colder climates. 
Frost Bite. The margin of the helix is the part most commonly 
involved. There is tingling, itching, and actual pain, even in the 
milder cases, and in more severe cases, necrosis of parts of the auricle 
may occur. In the treatment of these conditions sudden changes 
of temperature must be avoided, and if ulcers form, sedative or 
stimulating applications must be applied according to the nature 
of the case. Permanent scarring and deformity may follow the 
healing (Stereogram XLVII). 

Livid! ty of the auricle seldom comes before the practitioner 
as a separate condition. It is generally due to the weakened 
circulation of old people. In one case of the writer's, occurring in 
a boy twelve years old, the lividity was very well marked, and 
was present throughout the whole year, but could be made to 
disappear at any time by covering the ears with light, warm dressings. 
The boy had also a tendency to coldness of the feet and hands, 
but this displayed itself only in winter. There was no cardiac 
disease, and the bov was not mentallv deficient. 

Othaematoma, or Blood Tumour of the Auricle. — This 
tumour, which is almost peculiar to the auricle, may occur 
either after injury or without injury, and with peculiar 




frequency in the insane. It consists of an effusion of blood between 
I the cartilage and the perichondrium. The tumour occupies the 
front of the auricle, oftenest in its upper part, but sometimes 
extending almost to the lobule. The colour is purple or bluish 
red. It is possible that in many of the so-called non-traumatic 
cases, occurring in old people and in the insane, slight injury may 
have occurred ; but a predisposition must exist, and this in all 
likelihood is due to degeneration of the blood-vessel walls. Slight 
injury may thus cause the bleeding, or it may occur without injury. 
Othsematoma occurs in most forms of insanity, in mania, in melan- 
cholia, in dementia, and in general paralysis. It is commonest in 
maniacal cases. (Stereograms XLVIII, XLIX, and L.) 

The Symptoms of blood tumour of the auricle are not acute. 
There is little pain or local tenderness. The swelling continues for 
a few days or weeks, the contents of the tumour being either purely 
sanguineous, or mixed with a yellowish fluid. If unevacuated, 
or if the sac do not burst, the contents gradually solidify by coagula- 
tion, and soon shrinking begins to take place, the fluid parts of the 
contents are absorbed, and the skin and cartilage become adherent 
by the development of fibrous bands ; the surface of the auricle 
becomes distorted, and the so-called shrivelled or shrunken ear 
results. 

Treatment. — If the contents of a blood tumour be not absorbed 
within a reasonable time, they should, under antiseptic precautions, be 
drawn off through a hollow needle or aspirator, and compression 
applied, with a view to prevent the re-fiUing of the tumour. Or an 
incision may be made into the tumour, the contents evacuated, and the 
cavity packed lightly with plain sterihzed or iodoform gauze. 

Cartilaginous Tumours occur chiefly on its anterior surface, 
and may be removed with the knife, and the skin — which has been 
previously dissected up — be stitched over the edge of the cartilage. 

Perichondritis of the auricle may be either idiopathic or 
traumatic. In the idiopathic cases there may be no discoverable 
cause. Its course is slow, and may result in shrinkage and destruc- 
tion of the auricle. Abscesses and serous collections forming in the 
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course of this disease should be opened as in othaematoma. Under 
careful after-treatment recovery occurs gradually. 

Epithelioma affects the auricle not infrequently. Free excision 
should be adopted in dealing with this condition ; the removal of 
the entire auricle will not perceptibly damage hearing. When the 
auricle has thus to be removed, in whole or in part, or when, after 
injury, it has to be dealt with surgically, the skin round the edges 
of the wound should be dissected up from the cartilage, and the 
edge of the latter shortened with scissors, so as to allow it to be 
included within the skin flaps, which should then be carefully stitched 
over the cartilage. These cases should be watched for a time, as 
even after apparently successful removal, the disease may reappear 
in the auricle, or even on the side of the neck. It is better to remove 
the whole of the auricle at the first operation, than run any avoidable 
risk of recurrence (^Stereogram XLIV), 

Epithelioma may also spread to, or may involve, the external 
auditory canal. If the diagnosis be doubtful, either here or in the 
auricle, a small portion may be removed for microscopical examina- 
tion before any treatment is instituted, but if the ulcerative stage 
of the disease has been reached, the diagnosis is not difficult. The 
objective appearances are those of epithelioma elsewhere. The 
operation, when the disease exists within the external auditory 
canal, is more extensive than when the auricle alone is involved. 
The latter should be reflected forwards, the whole extent of the 
disease ascertained, and the incisions arranged so as to reach beyond 
the disease, even if the soft parts making up the canal be entirely 
removed. There is no difficulty afterwards in maintaining the 
patency of the new canal by the help of careful packing ; or success 
can be attained by the wearing of rubber or silver tubes. 

The auricle, like other skin surfaces, may become the site 
of cysts and wens. These must be opened and dissected out, 
or if this be impossible, packed and made to granulate from the 
bottom. 



DISEASES OF THE EXTERNAL AUDITORY CANAL. 

The commonest affection of the external auditory canal is 
Ceriiminous Collection. It is difficult to account for the recurrence 
of these collections in the external auditory canals of some patients. 
Many causes have been given. Some of these are ; the unusual 
shape of the canal preventing the natural evacuation of the ear- 
wax ; improper cleansing of the meatus by people who allow soap 
and water to enter the canal, and then attempt to dry the canal 
by a twist of the corner of the towel, thus pushing further in 
any masses of cerumen which lie near its mouth ; the following 

»of an occupation which necessitates the entrance of dust, etc., 

nto the canal ; the falhng together of the walls of the canal, 

1 old age, etc. There is certainly a hyper-secretion of the cerumen 

I many cases, and this may be due to a chronic hypersemia in the 

walls of the canal associated with chronic eczema, with slight 

^suppuration in the middle ear, and with the habit of picking the 

*ar with sharp bodies to relieve itching [Plate III, Fig. E.). 

The Symptoms produced by these plugs vary. Generally 
there is loss of hearing to an extent quite beyond the knowledge of 
the patient, and which is only appreciated by him when the removal 
of the plug restores him to what he thinks a very noisy world. Here 
the hearing has been lost gradually. In other cases, hearing is lost 

. suddenly, either because an existing plug has been moved against 

pthe membrane, or has been softened by water entering the ear, 
and become plastered as a thick mud along the walls of the canal 
or against the tympanic membrane. Actual pain from the presence 

Rof a plug may exist, but is not common. Oftener the sensation 

|is described as a dull, wooden feeling, or slight general aching in the 
Jiead. But acute pain is sometimes felt, and then it may be due 

Ito a large plug which has inflamed and excoriated the membrane 
and sides of the canal ; or, without producing these local injuries, 
the plug may cause pain of the neuralgic type, similar to the pains 
caused by the presence of bad teeth. The writer has never known 

Lthe plug to cause perforation, although perforation of the tympanic 



io6 DISEASES OF THE EAR, 



membrane and the discharge of pus may co-exist \^-ith a ceruminous 
collection in the canal. 

Vertigo and Tinnitus 2ire often due to a plug of cerumen, and 
the writer has met several cases in which the appreciation for the 
pitch of musical sounds was disturbed by the same cause. An 
unajmfortable itching in the canal is often due to the presence ot 
scales of dry cerumen on the walls of the canal. An eczema may 
a>-exist with this. By means of hearing tests, the evidence of 
disturbance of the sound-conducting apparatus may be got, but 
this is hardly worth practising before removal of the ceruminous 
plug, because other disturbances of the sound-conducting apparatus 
may exist within the middle ear. 

With the speculum the discovery- of a plug of cenunen is not 
difficult. The canal is seen to be partly or wholly blocked by a 
mass of dark brown, black, or yellowish-brown material, of a con- 
sistence varying from that of a thickish paste to a stony hardness. 
The tip of the speculum may bury itself in the mass. A probe may 
be gently used to ascertain its consistence, or to differentiate it from 
a foreign body, and it should not be forgotten that a foreign body 
long resident in the canal may become covered with cerumen. Not 
uncommonly, pus and cerumen are mixed, and when the canal is 
cleared of the resulting mud, an old suppurating lesion is seen to 
affect th(! mirldle ear. But the pus may be due to another cause. 
A boil may co-exist, and indeed be due to the irritation of the 
crrruminous plug, and some time may elapse before the state of 
niatt(!rs is quite cleared up, especially if the walls of the canal are 
so swollcm as to make a thorough examination difficult. 

The Proc;nosis is good, but it should be remembered that 
th(* d(*afness present in cases of ceruminous collections may 
be du(! to a middle-ear affection. The hearing should be tested 
a (lay or two after the removal of the plug, before a final 
opinion is given. 

Trkatmknt.— If the plug be soft, it should be forthwith 
removed by the syringe. A Httle bicarbonate of soda dissolved in 
the warm water used in this operation, makes the disintegration of 
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the plug more rapid, and its removal easier. A solution of peroxide 
of hydrogen may also be used for this purpose. 

If the plug appear to be very dry and hard, and especially if 
the application of the probe have proved it to be so, its removal 
should be postponed, unless the symptoms are so urgent as to render 
its inmiediate removal necessary. For a couple of days the patient 
may be directed to instil into his ear, morning and night, a warm 
solution of bicarbonate of soda (10 gr. to the ounce). The union 
of the alkali and the fat of the cerumen makes a soap of soft con- 
sistence, and one or two applications of the syringe dislodge the 
plug, either in a single mass or in broken pieces. When the water 
used with the syringe continues to return uncoloured by cerumen, 
the speculum should be used to ascertain the state of the parts, as 
it is not wise to continue the injection of a current against an 
unprotected membrane. It is quite common to produce giddiness 
during this syringing, and often after the removal of a large, hard 
plug, evidences of its pressure may be discovered by the surgeon. 
These are reddenings and excoriations of the surface of the membrane 
or the sides of the canal. These as a rule require little treatment, 
the removal of the cause permitting spontaneous healing ; but a soft 
s^itiseptic packing may be gently pushed into the canal if there is 
reason to expect a discharge from an abraded surface, or a dry 
absorbent powder may be insufflated. 

No instrmhent except the syringe should be used for the removal 
of ceruminous plugs, unless under a good Hght ; and then, only when 
the sjnringe has failed. A probe may sometimes quickly detach 
a tough^ flat piece of cerumen plastered against the wall of the 
canal, and shorten the washing process. 

Associated with ceruminous plugs, or arising apart from them, 
but in all cases due to a chronic inflammation of the wall of the 
external auditory canal, may ^ exist Epithelial Plugs. These are 
composed of hypertrophied layers of horny cells, and may in time 
cause deafness, tinnitus, and even pain, by their presence in the 
canal. The treatment consists of removal by syringe and forceps, 
after previous softening. Many sittings may be necessary for the 
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complete removal of these tough masses, and the canal should be 
regularly inspected for some weeks afterwards, to make sure that 
there is no tendency to recurrence. Any middle-ear suppuration 
which exists must be treated to a successful finish. 

A condition known as Otomycosis sometimes causes symptoms 
like those due to ceruminous collection or epithelial plugs — deafness, 
fullness in the ears, itching, tinnitus, and even acute pain. It is 
due to a fungous growth — the aspergillus niger is the commonest 
variety — m the external auditory canal. Thick flakes of epithelial 
matter form, infiltrated with serum, and come away with the syringe 
or by the help of instruments, as whitish masses sprinkled with 
sooty-looking specks. Under the microscope these latter are seen 
to consist of characteristic epithelial network and fruit-like spores. 

The Treatment of otomycosis consists of the removal by 
syringe, and if necessary by forceps and curette, of all epithelial 
masses, and the subsequent instillation of antiseptic lotions — 
carbolic acid or weak sublimate solution — till the soft parts return 
to the normal. 

Foreign Bodies in the External Auditory Canal. — It is in children 
that these have oftenest to be dealt with. Beads, bits of slate 
pencil and wood, beans, peas, etc., are often found in the ears of 
children. In the adult, forgotten pieces of cotton wool are of common 
occurrence. The latter are easily dealt with by means of the aural 
forceps or a cotton holder. But smooth, rounded bodies, like beads, 
are difficult to remove by any forceps, or indeed by any instrument ; 
and soft vegetable substances, like peas, swell, if water be used 
with the syringe for their extraction. It should not be forgotten 
that a foreign body may remain in the canal for a long time — many 
years even- without giving rise to any trouble. When examining 
a hundred and fifty children at the Deaf and Dumb Institution in 
Glasgow, the writer found all the above-mentioned substances in 
the meatus, and none of them was at the time causing any symptoms, 
nor indeed was their existence known before the examination. 
But when the presence of a foreign body in the canal is known, the 
patient or his more nervous parent usually desires its removal. 



DISEASES OF THE EXTERNAL AUDITORY CANAL, 109 



Treatment. — As in the case of the ceriiminous plug, the syringe 
is the best means for the removal of these intruders ; but it should 
not be forgotten that, as already mentioned, water used with the 
syringe will swell vegetable substances like peas and beans, and 
make their removal more difficult. Oil, alcohol, or glycerin, may 
in these cases be tried with the syringe. In any case, syringing 
should not be given up without fair and extended trial. If the 
syringe fail, and if the symptoms are urgent, some kind of pointed 
extractor may be tried. It is assumed that, even before syringing, 
the presence of the body has been ascertained through the speculum, 
with the help of a good light, and of course no foreign body in the 
canal should be touched at all with a solid instrument, unless under 
continuous illumination. A pair of forceps, for instance, applied 
to a bead in the canal, will in nine cases out of ten fail to grasp the 
bead, and will as certainly drive it further towards the middle ear 
beyond the waist or isthmus. Meddlesome surgery has been known 
to drive a foreign body through the membrane. 

The writer does not know any solid instrument which can be 
uniformly applied with success for the extraction of foreign bodies 
from the external auditory canal, and is in the habit of making one 
for each case as it comes. A bent probe, a steel crochet pin, or other 
fine hook, will often succeed when the syringe fails ; but these 
should not be used so as to cause bleeding, and they, like forceps, 
too often drive the body further towards the middle ear. The 
kind of instrument selected will depend on the nature of the foreign 
body, and its position in the external auditory canal. If the body 
lie superficial to the isthmus of the canal, the probe or hook is passed 
along the roof of the canal, and when its tip is well beyond the 
foreign body, it is used as a lever to expel the latter. But beyond 
the isthmus of the canal, at the inner end of the osseous meatus, 
such use of a hard instrument would probably injure the upper 
part of the membrane, and would also, in all likelihood, drive the 
foreign body further in. Beyond the isthmus, therefore, the hook 
will most safely reach the foreign body along the antero-inferior 
border of the canal. 



no DISEASES OF THE EAR. 

Should all attempts at removal by such means fail, what is to 
be done ? The situation is not a serious, but it is a difficult one. 
The writer has no hesitation in saying that, although the chances 
are in favour of the intruder causing no disturbance for a long time, 
it should be removed. At any time it may begin to give trouble. 
Cerumen will gather about it ; from that or some other cause, irritation 
may begin in the walls of the canal, and removal will be demanded 
when swelling and pain have made the conditions for removal 
much less favourable. Before resorting to operation, there is one 
method which merits special notice ; that is, the agglutinative method. 
A match or a small camel-hair pencil has its tip steeped in glue or 
seccotine, and after the canal is thoroughly dried, the tip is applied 
to the body, the stem cut short, and the tip left in situ for twelve 
or twenty-four hours. Hardening takes place, with firm adhesion 
between the applied surfaces, and careful traction will thus some- 
times remove a foreign body which has resisted other methods. 

The writer has only once been compelled to lay forward the 
auricle and open the cartilaginous canal for the removal of a foreign 
body, but he thinks the procedure is justifiable if all other methods 
have failed, and if middle-ear suppuration or urgent symptoms 
exist. The steps of the operation are the same as in the initial 
stages of the mastoid operation (see p. 209). In addition to the 
danger already mentioned — that of pushing the foreign body inwards 
— necrosis of the walls of the external auditory canal has been 
known to result from clumsy attempts at removal of foreign bodies 
from the canal. 

Insects which have crept into the external auditory canal are 
most surely dislodged by pouring carbolic oil into the meatus. 

Eczema of the external auditory canal has been considered 
along with eczema of the auricle {see page 100). After the removal 
of debris from the canal, remedies may be applied on cotton tents. 
The ointments of oleate of zinc, or of tar and mercury, should be 
applied on cotton-tips, and if these be left to act as tents, dilatation 
of the canal is effected. The treatment of any suppurative condition 
of the middle ear must be carefully carried out. 
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Boils in the External Auditory Canal. — These troublesome 
local swellings often come without any ascertainable cause ; on 
the other hand, they are often secondary to suppurations within 
the middle ear, and they are often associated with ceruminous 
collections in the external auditory canal. These latter, by setting 
up itching, tempt the patient to relieve himself by putting hair-pins 
and other sharp bodies into the ears. An infective inflammation 
is thus set up, and a boil results. When boils in the canal occur in 
crops or in a series, a constitutional cause such as diabetes should 
be looked for ; but the isolated boil of irritation is not so associated. 

When a boil occurs in the external auditory canal, the close 
relation of the skin and the cartilage modify the nature of the symp- 
toms. There is no room for great swelling ; the parts become very 
tense, pain is great, not only in the ear but over the whole side of 
the head and neck. Any movement of the auricle increases the 
pain, and sleep may be much disturbed. The lumen of the canal 
is narrowed, and any attempt to clear debris from its deeper end is 
rendered very difficult. More than one boil may be present, and 
complete occlusion of the canal may occur. There may be tume- 
faction of the mastoid process or surrounding parts, but^periotic 
glandular swellings are not common in furunculosis. 

In one situation the diagnosis is not always easy — on the 
postero-superior wall of the canal. Here a nipple-like swelling 
like that of a boil may be due to a mastoid fistula opening from 
the border cells into the bony canal. If the probe be used the 
diagnosis will be cleared up, for in the case of the bony fistula the 
tip of the instrument strikes the bared bone. Further, the history 
of a long-standing disease of the middle ear, followed by a swelling 
of the canal in the situation above described, will at once rouse the 
suspicion of the surgeon as to the presence of something more 
than a boil. 

Treatment. — The first indication is the clearing of all debris 
from the canal by a warm antiseptic lotion ; the second, the free 
incision of the swelling. A bicarbonate of soda lotion disintegrates 
the d/bris if it resist the action of the antiseptic solution. Free 
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incision is attended by immediate relief, and further relief and 
subsidence of the swelling will be obtained by the often repeated use 
of hot carbolic or boracic lotion, and by the use of warm fomentations 
to the side of the head. The after treatment of this condition 
is the scrupulous cleansing of the canal ; and the oversight of it by 
the surgeon till all likelihood of recurrence is past, is of the greatest 
importance. The microbic origin of the disease, and the value of 
antiseptic treatment, must not be forgotten. 

Diffuse Inflammation of the external auditory canal may occur 
in connection with middle-ear suppuration, with the presence of 
ceruminous plugs or foreign bodies, or with attempts to remove 
the latter. It may develop from a boil or other local inflammation. 
The conditions present are similar to those in the circumscribed 
form, but the skin surface involved is larger, and the surrounding 
soft parts about the auricle are more largely involved. Spreading 
to the tympanic membrane and through it to the middle ear is 
more common. Chronic discharge may thus be set up, and the 
bony walls of the middle ear or the ossicles may become diseased. 
Stricture of the canal may result. 

Diffuse otitis externa may be either acute or chronic. In the 
acute form pain is often very great, especially if the inflammation 
have extended to the periosteum and bony walls of the canal. If 
the middle ear be involved there is also tinnitus, and if the lumen 
of the canal be occluded, or nearly so, there is a good deal of deafness. 
As disturbance of the anterior wall of the canal is caused by move- 
ments of the lower jaw, these movements produce pain. The 
symptoms in the chronic variety of diffuse otitis externa are less 
severe, and consist in itching, tinnitus, and if the canal be closed 
or the middle ear involved, a good deal of deafness. 

The Diagnosis is not always easy. Both in the acute and 
chronic \'arieties the swelling of the canal is so great that the 
insertion of even a small speculum is painful or may be impossible. 
Then, in the chronic cases at least (when both are present), it 
may bo impossible to say whether the otitis externa is due to an 
antecedent middle-ear inflammation, or vice versa. It may be 



impossible to obtain a view of the tympanic membrane, or to 
say at the first examination whether the middle ear is involved 
or not. The history of the case and a careful otoscopic exam- 
ination of the canal after all debris has been cleared away, 
will enable the practitioner in most cases to come to a correct 
diagnosis. 

Treatment. — This is the same as for furunculosis, except 
that incision is seldom necessary. All dt'bris should be removed 
by the syringe. The canal should be well dried by fine cotton- 
tips, then a fine cotton tent smeared with vaselin or other bland 
ointment should be left in the canal for twelve or twenty-four hours. 
This produces widening, and subsequent examination and treatment 
are rendered easy. Weak carbolic lotion makes a good ear-wash 
in these cases. Boracic acid sometimes irritates, but a solution of 
boracic acid in spirit (1-20) may be painted over the walls of the 
canal occasionally, both in furunculosis and in diffuse inflammation, 
for some weeks after the disappearance of the inflammation. 
Recurrence is thus less likely to take place. 

Cartes and Necrosis of the external auditory canal will be more 
fully treated of under the heading of suppuration within the temporal 
bone, but there is a small number of cases in which necrosis occurs 
without disease of the middle ear or mastoid cells. 

In one such case in the writer's practice the history pointed to 
picking the ear with a pin as the cause. The necrosis was on the 
anterior and lower wall, and an abscess had burst just below the 
lobule. The middle ear was intact and the hearing perfect ; all the 
tissues towards the mastoid cells were normal. One or two other 
cases of a similar nature have occurred by the accidental injury of 
the walls of the canal with such sharp bodies as crochet pins, and 
several more by the pressure of hard foreign bodies, or clumsy 
attempts at the removal of these. The treatment of such 
a condition involves the removal of any foreign body which may 
be present, the curetting of the bony surface and its surroundings, 
the opening of all contiguous collections of pus, and the thorough 
acking of the resulting cavities. 
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Another condition developing from chronic inflammations 
of the external auditory canal, is Cholesteatoma of the canal. 
This condition is similar to that already referred to as an epitheUal 
plug (page 107). The desquamative processes which are the result of 
chronic inflammation, may produce closely packed layers of epidermic 
material which fill the inner end of the canal up to the tjmipanic 
membrane, and by their pressure may cause absorption of the walls 
of the bony canal. Such collections need not produce painful 
symptoms. For their removal, preliminary softening with a 10- 
volume solution of peroxide of hydrogen, and syringing with a 
warm antiseptic lotion, are all that is necessary in most cases. 
Detachment by probe, and removal of the adherent masses by 
forceps, may expedite the process. Afterwards the walls of the 
canal should be regularly painted with boracic acid in alcohol to 
prevent recurrence. 

Polypi may appear in the canal in connection with chronic 
otitis externa, and may project so as to be visible at the outer end 
of the auditory canal. As a cause of polypus, however, middle-ear 
suppuration is much more common (see Chap. VIII). If middle-ear 
suppuration can be excluded, the occurrence of a polypus in the 
external auditory canal should make the practitioner use the probe, 
so as to discover any affection of the bony walls of the canal which 
may have arisen in the course of the chronic inflammation of the 
soft parts. 

Stenosis and Closure of the External Auditory Canal. — Narrowing, 
or occlusion of the external auditory canal, is most commonly the 
result of a long-continued suppuration of the middle ear. The 
prolonged irritation present in these cases causes a hypertrophy 
not only of the soft tissues, but of the bony walls, and the canal 
may be so reduced in size as hardly to admit a large probe. Such 
narrowing is greatest near the inner end of the bony canal, beyond 
which may exist a considerable cavity — the tympanic cavity — 
filled with pus or other products of chronic inflammation. Thus 
may arise a very serious state of affairs, in which the middle ear 
is filled with putrid pus, which may defy all efforts made for its 
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proper drainage. Further, although cessation of discharge occur 
in time, the external auditory canal is so narrow that the ingress 
of sound-waves is interfered with, and great deafness is the result. 
In all these cases, of course, the tympanic membrane is destroyed, 
and sometimes the ossicles have been e-xfohated. Now and again, 
one sees a case in which a cicatricial partition has been thrown 
across the lumen of the canal, and such a partition may look 
remarkably like a thickened membrane. But it is generally less 
deeply situated than the normal membrane, and has a flaccid 
white look easily distinguished from that of the true membrane. 
The symptoms which call for treatment in these cases are : (i) 
deafness ; (2) the presence of a discharge the source of which 
cannot be drained, and which may at any time become a danger 
to the life of a patient. 

Treatment. — For membranous partitions of the kind above 
described, simple slitting or puncture with the galvano-cautery 
will suffice. It will often be found that beyond the partition there 
is great narrowing of the bony canal, and to get the required improve- 
ment this latter must be widened. To prevent re-formation of the 
obstruction in the soft parts, a tent of cotton wool must be worn, 
or a metal tube may be kept in the canal till healing of the walls 
is completed. For the widening of the bony canal resort must be 
had to some form of burr or drill. In these cases it is best to reflect 
the auricle forwards, split or pull outwards the cartilaginous canal, 
widen the bony canal upwards and backwards to the required 
degree, and then replace the split soft parts, packing them well 
against the walls of the widened canal from the entrance of the 
meatus. The wound on the mastoid surface is closely stitched, and 
heals at once. 

There is another class of cases which must be dealt with on 
similar lines — that of local Hypertrophy or Exostosis of the Bony Walls 
of the external auditory canal (Plate III., Figs C, D.). These 
growths are generally of ivory hardness, and may be multiple. The 
^writer thinks with Pritchard, that these growths are sometimes the 
ixpression of the rheumatic tendency, and believes he has seen 
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their progress arrested by iodide of potasanm given internally. 
They sometimes also oonir in syphilitic subjects. Their diagnosis 
is easy if the probe be used. To the point of this instroment they 
present a smiace of ivory hardness under a thin covering of pale 
pearly skin. Wlien they are multiple, a mere chink may be left 
between the opposing masses, and the lumen of the canal may be 
almost closed to soimd-waves. If pus exist beyond the obstruction, 
they may interfere with its exit, but unlike the cases of general 
stenosis, these localised bony hypertrophies are not usually associated 
with suppurative disease of the middle ear. 

The writer has watched some of these cases for many years 
without noticing any alteration. If pain arise from the pressure 
of opposing surfaces, or if secretion be retained, operation may 
become necessary. This is best performed by the burr or drill via 
the external auditory canal, and if aseptic precautions be observed, 
satisfactory healing follows the operation. If the exostosis be not 
too deeply placed, and especially if it be pedunculated, removal 
may be effected by means of a few short chips given by a chisel, the 
edge of which is directed against the neck of the growth. Great 
care, however, is necessary to prevent sUpping of the chisel and 
injury to the structures of the middle ear. In deeply-placed, sessile 
exostosis, the auricle should be reflected and the tumour attacked 
from behind the posterior cartilaginous wall of the external auditory 
canal by burr or chisel, according as may seem suitable. 

A more general Hyperostosis of the walls of the canal arises, 
as has been already indicated, in connection with chronic suppiurative 
middle-ear disease, and forms a serious complication of the latter. 
It also arises in connection with improper treatment of the post- 
operation stages of mastoid disease. The writer has seen the wearing 
of a drainage tube in the canal set up a general thickening of its 
bony walls, and cause almost complete occlusion of its lumen. The 
treatment consists of the reflection of the soft parts, of widening 
the bony parts by chisel or burr, and of packing the soft parts against 
the widened bony canal. 
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MALFORMATIONS OF THE EXTERNAL EAR. (Stereogram XLV.) 

Congenital defect or malformation of the auricle may take the 
form either of redundancy or overgrowth of the auricle ; stunted 
or deficient development of the auricle ; supernumerary auricles, 
or tubercles near the auricles ; or fistulae or defects in the tissues 
near the auricle. All of these conditions, except the first, are due 
to faulty development in the structures forming the first branchial 
cleft. The external meatus, the tympanic cavity, and the Eusta- 
chian tube are formed in this cleft, which remains permanently 
open, except where it is interrupted by the tympanic membrane. 
The pinna or auricle is gradually developed on the posterior margin 
of the cleft. The internal ear is separately developed, but it is not 
surprising that, with deformity of the auricle and closure of the 
external auditory canal, the deeper parts in the middle ear and the 
Eustachian channel to the throat, are also in many cases involved. 
The position of supernumerary auricles and of branchial fissures 
and clefts is on the sides of the neck and face. In some cases 
fissures exist on the neck, which represent the branchial clefts 
situated behind the first. 

Malposition of the auricle, as against faulty development, 
may take the form either of a too projecting auricle, or of an auricle 
too closely applied to the side of the head. The former condition 
is congenital, the latter may be due to the wearing of too closely 
fitting head gear, such as bonnets in women. 

The Treatment of malposition or malformation of the auricle 
may have to be undertaken, either for aesthetic purposes or for the 
improvement of hearing. An ugly, projecting auricle may have 
its position improved by the dissection of a skin flap from the mastoid 
and recto-amicular neighbourhood, and the accurate suturing of 
the skin edges thus left. A flattened auricle may be improved by 
altering the style of the head gear so that no pressure is exercised 
on the auricle. 

Malformation due to faulty development may be so annoying 
to the patient as to warrant the fitting of an artificial auricle (similar 
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in appearance to the normal ear) to the stump-like malformed 
auricle. 

Such malformation is often associated with absence of the 
external auditory canal, and the question of operation for the im- 
provement of hearing may be raised by the patient. If the other 
ear be sound, such operation should be discouraged. The keeping 
open of an artificially made external auditory canal is a matter of 
great difficulty, and when it is remembered that the parts in the 
middle ear are often also malformed or wanting, encouragement 
to operation is not great. Fortunately such malformation is almost 
always imilateral, as in the case represented in Stereogram XLV. 
Should the condition be bilateral, or should the other ear be deaf, 
an operation would be warranted for the establishment of aerial 
hearing in the malformed ear. 

As a preliminary to any such operation, the condition of the 
internal ear on the malformed side should be ascertained by a series 
of bone-conduction tests appUed throughout the entire range of 
hearing. Precautions should be taken to exclude as far as possible 
appreciation by the other ear. In the case represented in Stereo- 
gram XLV, hearing is present throughout the whole scale, but as 
the other ear is perfect and its hearing power normal, operation 
was not advised. 

In cases of supernumerary auricles, the projections may be 
removed, and the skin edges stitched, with great advantage to the 
appearance of the patient. 



Chapter VI. 

THE NASO'PHARYNX AND THE EAR 

Relationships of the Naso-Pharynx and the Ear — ^The Naso-Pharynx— Nasal 
Affections ; Acute Rhinitis — Chronic Hypertrophic Rhinitis — Chronic Atrophic 
Rhinitis — Deformities of the Nasal Septum — Nasal Polypi and Obstructions — 
Treatment of the foregoing Conditions — Adenoids — Enlarged Tonsils — Affec- 
tions of the Eustachian Tube. 

The Eustachian Tube, the lower end of which opens into the 
naso-phaxynx, has been described already (/>/>. 19-20) because it is 
rather an aural than a pharyngeal or naso-pharyngeal organ ; but 
diseases of the nose and naso-pharynx so often precede and 
accompany those of the ear, that a short description of the anatomy 
of these parts is necessary. The otologist may almost neglect 
laryngology, but he cannot ignore the nose or naso-pharynx. He 
must indeed be a rhinologist too. If he is to use the Eustachian 
catheter quickly and painlessly, he must have an accurate knowledge 
of the shape of the structures which go to form the meatuses of the 
nose ; and if he is to treat aural disease successfully, he must be 
able to treat by reagents diseased conditions of the lining of the 
nasal cavities, and to remove surgically obstruction within these 
cavities. 

Embryologically, the middle ear is a branch of the naso-pharynx. 
Physiologically, the middle ear drains into the naso-pharynx, and 
is ventilated from the naso-pharynx by the Eustachian tube. 
Pathologically, the naso-pharynx and the middle ear are closely 
associated. Most diseased processes affecting the middle ear, 
whether suppurative or non-suppurative, are associated with and 
preceded by, diseased processes in the naso-pharynx. The latter 
indeed cause the disease of the middle ear. So that any consideration 



of the affections of the middle ear is better taken up after the 
diseases of the naso-pharynx and Eustachian tubes have been 
considered- 

THE NASO-PHARYNX. 

If the nasal septum and the turbinated bodies be removed, the 
cavity of the nose resembles a pyramid, the apex of which is directed 
upwards towards the base of the skull in the median line between 
the orbitSj and the base of which is formed by the hard and soft 
palates. The shape of the pyramid is irregvilar, its length at the 
base being much greater than its breadth, though the latter extends 
to about an inch. The septum of the nose divides this cavity into 
two pretty equally, except when it deviates from the middle line, 
and in adult life such deviation is the rule rather than the exception. 
The septum is made up of the triangular cartilage in front, and of 
the vertical plates of the ethmoid bone and of the vomer behind 
{Stereogram LIV). Anteriorly, the nose opens on the face by the 
anterior nares ; posteriorly, into the pharynx by the wider posterior 
nares {Stereogram LIV). 

The external walls of the nasal cavities are entirely bony, bul 
their surface is much broken up, and the cavities themselves much 
encroached upon by the turbinated bodies, which project outwards 
towards the septum {Stereogram LII). Under each of the three 
turbinated bodies is a passage or meatus. All the meatuses open 
downwards and backwards into the naso-pharynx, but the inferior 
and middle meatuses open also forwards, towards the anterior nares 
(Stereogram LII). Into the nasal cavities open also foramina from 
the sinuses round about. The frontal sinus opens by the infundi- 
bulum into the middle meatus of the nose ; the antrum of Highmore 
or maxillary sinus opens also into the middle meatus ; the anterior 
ethmoidal cells open, some of them into the hiatus semilunaris ana 
thus into the middie meatus, and some of them directly into the 
middle meatus, whilst the posterior ethmoidal cells open into the 
superior meatus. The sphenoidal sinuses open into the posterior part 
of the superior meatus of the nose (Stereograms LI, LII , LIII, LIV). 



The mucous membrane covering the inside of the nose is 
continuous with that lining the various sinuses and cells above 
referred to — that of the sphenoid and ethmoid cells, that of the 
antrum of Highmore, and that of the frontal sinus. It is also 
continuous backwards with that lining the pharynx. Over the 
septum it is thin, and closely applied to the bone and cartilage. 
Over the upper part of the septum and the upper parts of the outer 
waUs of the nose, the mucous membrane has distributed to it the 
branches of the olfactory nerve, and this is the seat of the sense of 
smell. 

The lower parts of the nose — the middle and inferior meatuses — 
are respiratory in function, and here the mucous membrane differs 
essentially from that in the higher parts of the nose. It is thicker 
and more vascular. This is due to large venous spaces in the sub- 
mucous layer of the middle and inferior turbinated regions. These 
veins dilate, and the turbinated bodies may swell so as to occlude 
the meatuses. At other times the bodies so shrink, either spontan- 
eously or under the influence of a drug, as to leave wide air-ways 
towards the pharynx. The mucous membrane here may become 
permanently hypertrophied, project beyond the bone, and seem 
pale and almost pendulous, like a polypus. Varying conditions of 
the atmosphere, especially as regards moisture and temperature, 
alter the size of the middle and inferior turbinated bodies, and 
thus also the patency of the middle and inferior meatuses. 

The presence of the turbinated bodies, covered by mucous 
membrane, greatly increases the surface over which inspired air 
must pass on its way to the lung, and the shape thus given to the 
nasal passages by these bodies delays the air within the nasal 
passages without impeding its progress. The nose thus becomes 
a wanning and filtering organ for the air on its way to the lung 
On the other hand, the presence round about the nose of so many 
accessory sinuses, all opening into it, greatly increases the risk of 
suppurations of the nose infecting these sinuses, and thus of com- 
phcating recovery from suppurative conditions of the nasal mucous 
membrane. 



Further, obstructive conditions of the nose, whether due to 
deviation of the septum, to hypertrophy of the turbinated bodies, 
or (as is often the case) to a combination of these, interfere with 
the ventilation of the naso-pharynx and the middle ear, and thus 
become a common cause of ear disease. The back of the nose is 
no longer swept clear ot mucus by the passmg air current, the naso- 
pharynx and the mouths of the Eustachian tubes become clogged 
with mucus, the surrounding murcles become more or less function- 
less, and catarrhal affections spread read'ly up the tubfc: into the 
middle ear. When nasal breathing is thus interrupted, the air is 
not prepared for the lung by warming and filtering; it must enter 
tht, larynx directly by the mouth, and a liability to affections of 
the air-;ja?sages is thus set up. Under these conditions, also, the 
unventilated naso-pharynx becomes a harbour for pathogenic 
organisms, which set up infective conditions of the middle ear. 

In aural practice, the middle and inferior turbinated bodies, 
the middle and inferior meatuses, and the nasal septum, require 
the special attention of the surgeon. It is through the inferior 
meatus, with its tip travelling along the smooth floor of the nose, 
that the catheter reaches the Eustachian tube. The commonest 
obstructions to its course are deflections and spurs of the nasal 
septum, and enlargement of the inferior turbinated bodies. It is 
through the middle meatus that inspired air reaches the naso- 
pharynx, and obstruction here^ by deflection of the septum or 
enlargement of the middle turbinated body, gives rise to mouth- 
breathing, and interferes with the ventilation of the naso-pharjmx, 
and, through the Eustachian tube, with ventilation of the middle ear 
(Stereograms LII, LIII, LIV). 

NASAL AFFECTIONS. 

Apart from the presence of enlarged tonsils and post-nasal 
adenoids on the one hand, and of nasal affections proper on the 
other, a naso-pharyngeal catarrh does not often cause deafness. 
When it exists at all, attention should be directed to those con- 
ditions in the nose and throat which usually cause it, and any 
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treatment which is necessary will form part of the treatment of 
these affections. Post-nasal adenoids so commonly cause deafness, 
that their diagnosis and management interest the otologist perhaps 
more than any other practitioner. Hence this disease will be 
discussed at some length. It is doubtful if purely nasal affections 
often cause deafness, but they so often spread backwards and involve 
the naso-pharynx, the Eustachian tubes, and the middle ear, that 
a short notice of the chief nasal affections is necessary. 

These affections are: (i) Acute rhinitis; (2) Chronic hyper- 
trophic rhinitis ; (3) Chronic atrophic rhinitis ; (4) Deviations of the 
nasal septum from the vertical, and presence of spurs on the 
septum; (5) Nasal polypi and suppurations within the accessory 
cavities of the nose. 

1. Acute Rhinitis. — In acute rhinitis, acute nasal catarrh, 
or " cold in the head/' the ear symptoms are often well marked. 
The whole nasal mucous membrane is swollen, and this extends 
to the pharynx and to the Eustachian tubes, the pharyngeal orifices 
of which are closed by the swelling. The inflammation spreads up 
the tube, and probably involves the blood-vessels of the middle ear. 
In addition to the general symptoms, there is nasal obstruction, 
fullness and beating in the ears, tinnitus, watery discharge followed 
by purulent discharge from the nose, and gradual (and in most 
cases complete) recovery from all, including the aural symptoms. 
But if these acute attacks happen often, permanent effects ^re left 
within the middle ear and in the lumen of the Eustachian tube. 
In-drawing of the membrane occurs, adhesions between intra- 
tympanic structures take place, ankylosis of the ossicular joints 
follows, and a chronic aural catarrh is established. Stricture of 
the Eustachian tube is a common result in such cases. 

2. Chronic Hypertrophic Rhinitis. — In chronic hypertrophic 
rhinitis there is a hypertrophy of the soft tissues of the turbinated 
bodies^ and sometimes of the underlying bone. Nasal obstruction 
results^ and the mucus in the naso-pharynx collects in tough masses, 
partly because it is not dried off by the passing air current, and 
partly because a paresis of the underlying muscles follows, and 



their normal contractions which make for its removal are in abey- 
ance. Blocking of the orifices of the Eustachian tubes follows, and 
slowly but surely a chronic aural catarrh becomes established. 
The thickening of the turbinals may be uniform from front to 
back. Masses almost polypoid in shape mav form near thf 
anterior end of the inferior turbinal, or towards the posterior 
end of the same body a mulberry or moriform enlargement may 
occur, almost in contact with the pharyngeal opening of the 
Eustachian tube. 

The Diagnosis of such swellings of the turbinals is not always 
easy. They simulate polypi. The latter growths, however, are 
more translucent, grow from a higher point in the nose, are more 
pendulous, can be moved more freely by a probe, and are not 
shrivelled by cocaine or suprarenal preparations, like swellings of 
the turbinated bodies. The swellings of the posterior end of the 
inferior turbinated bodies can be seen by the posterior rhinoscopic 
mirror, or felt by the index finger passed behind the palate into the 
back of the nose. 

3. Chronic Atrophic Rhinitis. — In chronic atrophic rhinitis, 
the contrast is striking when comparison is made with the hyper- 
trophic disease. There is no nasal obstruction ; indeed, the nasal 
passages are usually wider than normal. The discharge is not 
muco-purulent, but consists chiefly of fetid crusts, and the odour 
of the breath is easily noticed by those near the patient. But the 
disease involves the naso-pharynx, spreads up the Eustachian tubes, 
and may give rise to deafness, tinnitus, and all the syraptoms of 
a chronic aural catarrh or otosclerosis. Or the changes in the 
middle ear may take the suppurative type. In either case ulceration 
and stricture of the Eustachian tube is a common link in the chain 
which connects the changes in the throat and ear. 

The tyf>e of the disease above described is to be distinguished 
from that which occurs in syphilitic subjects — syphilitic ozana. 
In the simpler form of the disease, which occurs chiefly in aniemic 
and scrofulous subjects, and most commonly in women, the bony 
framework of the nose is not attacked ; in the syphilitic variety 





3X 



Z m X Z »■ Z '• "^^ «■ » X 



• • 



ii- lii'r-triitjOL::^ 'xzjii. miiir ?Dr n? r 



a Z^ldZ^ l-r tJJr ITL-Of:* IC llir ^1ts»-gtr^fT "^HHES- T^iTi'iw^ j^^ 



■:5.ri» Mi.i"5«5f* 2L^«0*t O0-'»"T>1»2 2 in f-TiLZ*?- HXET TZC 



2Li.ttr:^-r ei.- o: trie i:::encc tzrp—a . ar i:nrHr2& in*- -ics 

tr-i o: tbe sazst hozy h m^iberr}' or ^ oiJjlil -riiaiy 

oi-ru. alrrjOii r'j coritaci "with the pharriiKSil roszniu 



I?j*: DiAGxc/cji oi such sweiiines oi the nirrirr.fi> s lire al'w 
*---v They -dnj-iilatt poh^pi. The larter £rowz2&,, iii»wp-v»: 



-c' » 



rrjor*: trariil-QOtr-t, grow rrorn a higher poini in the nryae. 
ryrr.Oulonr, caxi be moved more freeh* by a pralbt. anz srt 2r 
rhnv'-rjed by oocziiDe or STaprarenal preparaticmst. nkt ssw^Hns? r 
th^ turbiT*at*-d bodies. The swellinef 02 the posienar eni dc "±r: 
irji^rior turbinated bodies caxj be seen by the postenor riunwrxt: 
iTjirror, or f^-lt bv the index fineer passed behind the paiaxeim: Zjc 
back of the nose. 

;;. Chronic Atrophic Rhinitis. — In chronic atrnphic riixzn^ 
the contrast ir *trikjn^ when comparison is made wirh tnt rxv^- 
trophic disease. There is no nas'J obstruction ; indeed. The ntsL 
passas^es are usua]]>' wider than normal. The discharge s ej: 
niuco- purulent, but consist- chieflv of fetid crusts, and the >a:c: 
of the breatJj i-. '-a-jJv rifj\v.*:f\ bv those near the patieni Bz: 'Sr. 
di>«-riSf- involv- t:,r n;j.-.,o-ph;jr\Tj>:, -preads up the Eustazhiar t:ir-:= 
and ':j'i\' l'J*/' ri'.' to d'rJjfrj'--- . tjnnitu?, and all the s\TnDt'r'r:ir "" 
:\ *']\T^*:\v rr r:i' ^;ii;ir"j f,r oto-' l^To-iir. Or the chauEres :i :i- 
iiiid'ii' '-;ir j'Mt-, t:,,-* tl,* ■ nr^purative type. In either case Uizeriii.'i 
aii'i -TnMijr' '.f ^?.' I m- t;i' li);jrj tub*- i- a common hnk m thr :"■"' 
w !ii' 1) ' 'iiiTi' ' t 1 1;« ' •:;.ri;w ■ in t Ij*- t hroat and ear. 

Ill- t".|i< '.< t*:* ''i-.r;.-.f :il/r;v< ' l''-.f TJb'rd li^ tO be dlStin^TUiSIir- 

froMi tliat V, ^ !' • '.''If If- ■•. (iliilmf ■-ub^ect^ — svphiiiti/ zzs^ 
In tli'- ■ iini'l' ? I'f'' '!♦•.( 'iif;i .r wfii^ij f»f..';ur?* chieflv m anjsn.: 
an<l ^' r'»fii!'^ I- • .»,''»• .i-:'! fno- t « 'iriinirirj]\- jn women, th-f r>T.' 
ira 111* '.•♦'•! I" *'■ »•'» •"' '■ '■' * :»M.,<irri |[j thrr ?\'philitic vir:-T 



THE NASOPHARYNX AND THE EAR. 125 

of the disease, the osseous framework is often involved, and falling 
in of the bridge of the nose takes place. 

4. Deviations and Spurs of the Nasal Septum. — These 
conditions often occur in cases of chronic aural catarrh and oto- 
sclerosis, and in our anxiety to find a cause for the symptoms in 
these often obscure cases, we are apt to blame the faulty nasal 
septum. There is little to support the connection thus indicated ; 
indeed, it is not uncommon to find that deafness is greater on the 
side towards which no spur or deflection projects. 

The Diagnosis of septal deformity is easy. The septum is 
hard to the touch of the probe, and is not influenced by a solution 
of cocaine or of adrenalin, like an enlarged turbinated body. A 
badly deflected septum may cause nasal obstruction, and either 
alone, or along with hypertrophic rhinitis, may give rise to a naso- 
pharyngeal catarrh, which in its turn may produce ear symptoms ; 
but unless there be nasal obstruction with subjective symptoms, 
mere deformity of the septum is not likely to give rise to any disease 
of the ear. 

5. Nasal Polypi and Suppurations within the accessory 
cavities of the nose are the result of acute or chronic rhinitis, 
and, once they are established, may cause a secondary rhinitis, 
which will resist all treatment till the suppurative conditions have 
been dealt with radically by surgical measures. Ear symptoms, 
either of the suppurative or the non-suppurative type, may arise 
from the nasal obstruction and the septic condition created by 
these suppurative diseases. 

The objective Diagnosis of nasal polypi has already been 
noticed (j>age 123, *' hypertrophic rhinitis "). The objective diagnosis 
of suppurative processes within the accessory sinuses (antrum of 
Highmore, ethmoidal, spehnoidal, and frontal sinuses) is much more 
difficult. As a rule, the probe passed into the nose touches dead 
bone in its upper part — middle turbinated region. Pus, flowing 
from the region of the middle turbinated body, from a mass or 
from between masses of granulation tissue, should direct the probe 
of the surgeon in the search for necrosed bone. The direction of 
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the flow of pus should be noted. Pus which tends to flow into the 
mouth when the patient is erect, probably comes from the sphenoidal 
si!ius or the posterior ethmoid cells. Pus which flows into the anterior 
part of the nose under similar conditions, is likely to be derived 
from the anterior ethmoid cells or the frontal sinus ; "while that 
whi(*h flows into the nose and fills its middle or lower meatus when 
the h(*ad of the patient is laid on its sound side, is most probably 
(U»rived from the antrum of Highmore. In trying to arrive at a 
diagnosis as to the source of the pus, trans'illumination of the face 
should be called to the aid of the practitioner. When, in a perfectly 
(lark room, a suitably protected electric light is placed in the mouth, 
aiul tho lips are closed, the sinuses of the face are rendered transparent, 
a transi^aroncy which is interfered with if the sinuses — chiefly the 
antrum of Highmore — are filled with pus or granulation masses. 

rho Symptoms which characterize the various nasal conditions 
which have been briefly described, may be referred to. Except 
in atrophic rhinitis, there are subjective synnptoms of nasal obstruc- 
tioii, vi/., a tendency to mouth-breathing, an alteration in the voice, 
which becomes nas;il in character, a feeling of heaviness in the head, 
chiefly in tho frontal region, and a disinclination to mental effort 
and activity. In acute rhinitis these s\Tnptoms soon pass off, but 
in the chronic conditions they are more or less constant, though 
subjivt to improvement when weather becomes clear and dry. 
It IS a^ivMiishin^: how a tolerance becomes established to the chronic 
v::>v\^:r;toris which atter.vi chronic naso-rhar\'ns:eal catarrh in most 
:\\^p';e. Huse patier.ts only appreciate the amount of the dis- 
Cv^'../.v^:: attci il\c ca;:sc :.a> Iw :i reir.ovcv. and cure has been effected. 

W *:u r. •:,.•.>:> ot :*:.c ::.::a-::a<a: rvr.y structures, and accessory 
>:'::.< >.. "\.',:;. ': avc avuhd :o r.asal obstruction, the odour of the 
vv.<;*..-.:i;c *:\\ o:v.cs av. av.:u^\ ,\-...e to ::.e ratient. whose sense of 
s.v.;V. :s •.:. :':\;>v ..■<;> :c:a*.::v\i Ir. />/'.;/ .::*:r'::: rhinitis^ on the 
. :'.u: "arc.. :h;^ s^vsc c: siv.c.* :< J.;>t:vv-.v.. ar.c although the usual 
. >:"..-.:^; •.< o: ':\-..^ c J.o;:: . :v.> \-.:::-. .> ■.*..: -.iWi^^iujed by the patient 

>. :: -.v.aNcs *:..> -.^vvsci.vV :v.::\:ullv e\-ident to those 
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Pendulous masses of the soft turbinated body^ whether middle 
or inferior, are best removed by the cold wire snare, as in the case 
of nasal polypus. If the outgrowth be of the soft tissue along the 
whole length of the inferior turbinated body, it is best removed by 
some form of nasal scissors (Fig. 35). The nasal scissors are also 
best in those cases where it is desirable to remove a part of the bone 
of the turbinal. It is seldom necessary to remove the whole turbinal 
bone. Many other instruments have been devised for the removal 
of these troublesome swellings of the turbinated bodies. The 
writer prefers the snare and scissors to the spokeshave, etc., because 
the operator can remove just as much as he pleases, and because 
there is no risk of tearing away more than is wanted. 




^f^- 35' — Nasal Scissors. 



Wounds made thus in the nose heal quickly and well. Before 
llic operation, the parts should be anaesthetized by the application 
of a 25 por cent solution of hydrochlorate of cocaine, and the 
l)lrr(lin{j; rendered less troublesome by painting the surface with a 
solntioii of adrenalin, and after the operation the side of the nose 
()|)r!:it('(l upon should be plugged with a piece of gauze tape. If 
only a small piece have been removed, no packing need be applied, 
l)Mt thr surface may be dusted over with aristol, or boracic acid 
|)owd(!'. Wlu^n a packing has been used, it may remain for twenty- 
ioM! oi- even forty-eight hours, and the patient must be careful to 
nilKxIucM' no dirt or poison into the nose. 

( auslics, (^specially the galvano-cautery (Figs. 36 and 37) have 
Ion/: cnjoycul a reputation as a means of reducing the size of hyper- 
iiophhd turbinals, and there is no doubt that the ultimate result 
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of the galvano-cautery treatment is good. The method is precise 
in its application^ and the contraction after cicatrization is, as in 
all bums, very great. But a slough is left in the nose which takes 
a week to separate ; the chance of suppurative complications is 
much greater than after cutting and snaring operations ; and the 
time of healing is much longer. But the galvano-cautery is a useful 
means of treatment. It may be employed in two ways. The sharp 
edge of a burner may be made to cut a long groove along the project- 
ing soft turbinal, or the sharp point may be plunged into the 









J'ig: 36.— Galvano-cautery Burner, and Handle. 



^'£' 37- — Cautery Points. 



substance of the soft mass. A minimum of destruction of mucous 
lining is thus effected, whilst great contraction is got. The 
destruction of a large mucous area by burning over a large surface 
is to be avoided if possible. Cautery wounds take three to five 
weeks to heal, and contraction goes on over a period of many months. 
It is well not to operate on both sides at once, and not to return to 
the same side with the cautery without estimating the amount of 
contraction which will ultimately take place. 

The application of chromic acid or other caustic to the nose 

9 
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should only be carried out if the better means above described are 
not available. 

Without the above surgical measures the use of nasal douches 
and other similar appUcations is not likely to cure a hyi>ertrophic 
rhinitis; but after or along with such surgical procedures, alkaline 
douches are of great value in completing the cure. The best douches 
are composed of bicarbonate of soda or borax, and should always 
be used warm, and of a strength of lo to 15 grains of the salt to 
an ounce of water. Residence in a warm, dry climate will greatly 
assist the cure. 

The treatment of Atrophic Rhinitis is extremely unsatisfactory. 
Almost all that can be done is to remove crust by warm alkaline 
lotions, and to cover the cleansed surface with some oily preparation 
to prevent the re-formation of the crust on the diseased surface. 
The f oetor of the breath in these cases can be diminished by adding 
an antiseptic to the alkaline nasal douche, or by covering the nasal 
mucous membrane with white precipitate ointment applied by a 
cotton-tipped probe. 

Deflections and Spurs of the nasal septum require removal by 
operation. It is seldom advisable to use the galvano-cautery here. 
Unless granulation masses cover the projection or spiu* — a rather 
uncommon occurrence — the cautery should not be used. Often 
a sharp probe-pointed knife can be made to remove all that is 
necessary from a septal projection, and if at the same time the 
opposing turbinal be reduced, a good air-way can be established 
without interfering much with the septum. Should the septum 
be ossified, and too hard to be cut by a sharp knife, a small nasal saw 
may be made to cut from above downwards through the bony part 
of the spur, and the separation of the soft parts below may be 
completed by forceps and knife. Septal spurs are also thoroughly 
removed by the electrically-driven burrs. 

When the septum is bent, without becoming the site of a definite 
spur or projection, it may be restored to the vertical or almost 
vertical position either by forcible straightening, or by a cutting 
operation which reduces its superficial area, previous to its re-position 
in the median line. 
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For forcible straightening of the nasal septum, Adams' forceps 
may be used, and in order to keep the nasal septum in its new 
and improved position, some form of nasal splint may have to be 
worn for a series of weeks. When a cutting operation is required 
for the purpose of reducing the superficial area of the septum before 
straightening is effected, the operation devised by Moure of Bordeaux 
should be adopted. 

A Nasal Polypus may be a result of a chronic hypertrophic 
rhinitis, without any necrosis of the bony walls of the nose, and 
without any suppuration of the accessory cavities. But the probe 
should always be used to search for necrosis of bone, and if the latter 
be found, a more exhaustive search for sinus suppuration should 




//j^. 38. — Krause's Polypus Snare. 



be instituted. When necrosis of bone occurs, it is generally the 
middle turbinated body which is affected. 

Polypi are best removed by cold wire snare, and the underlying 
necrosed bone, if such exist, should also be removed by snare or 
forceps. Krause's snare (Fig. 38) is the best for the purpose. 
Several sittings may be required before all the diseased tissue is 
got rid of. The operative treatment should be followed by the 
continued use of the nasal douche, till all discharge from the nose 
ceases. Repeated examination should be made even after apparently 
complete cure, to make sure that recurrence of the growths has 
not taken place. 
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Suppuration within the Accessory Sinuses should be dealt with 
by radical operation. By the use of the cold wire snare, strong 
dressing forceps, and curettes, the ethmoidal cells and the sphenoidal 
sinus may be thoroughly ablated from the anterior nares. Cocaine 
should be used as a local anaesthetic, but it is better to give a general 
anaesthetic and to introduce the finger, both by the anterior nares 
and through the mouth by the posterior nares, so as to get all 
possible information regarding the parts which need removal. The 
antrum of Highmore may be opened from the socket of a tooth 
which has been removed, from the external wall of the nose just 
below the anterior part of the inferior turbinated body, or through 
the canine fossa, above the alveolar border and just below the 
attachment of the upper lip. For exploratory purposes either of 
the first two methods suffices, but if the antrum is known to 
contain pus or granulation masses it should be opened from the 
canine fossa. 

This is best done by chisel and hammer, after incising the 
mucous membrane and periosteum, and reflecting the latter upwards 
and downwards till a sufficient area of bone is uncovered. The 
chisel is now applied to the bone above the alveolar ridge, so that 
the antrum is entered at its lowest part. Widening laterally and 
in an upward direction is effected either by further application 
of the chisel, or by the introduction into the wound of cutting 
forceps such as Jansen's. Or the electrically-driven burr may 
be used to do this part, or the whole, of the operation on the 
bone. An opening should be made sufficiently large to permit of 
the introduction of the tip of the little finger, but in enlarging the 
opening upwards, care must be taken to avoid the infra-orbital 
nerve and artery. All granulation masses and pus should be 
carefully removed from the antrum by suitably shaped curettes, 
and afterwards an iodoform gauze packing should be made to fill 
the cavity. Washing and repacking of the cavity should be 
continued till all trace of purulent discharge has ceased. 

Adenoids.— The commonest disease of the naso-pharynx occurs 
in the young, as post-nasal adenoids. These growths consist of 
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a hypertrophy of the pharyngeal tonsil, a mass of lymphoid tissue 
existing in the pharynx near the junction of its roof and posterior 
wall. This hypertrophy usually commences in the second or third 
year of life, and persists till the fourteenth or fifteenth, when in 
most cases atrophy takes place. The growths may be soft and 
almost pulpy, or hard, tough, almost cartilaginous in character. 
They seem to be hereditary, and often appear in many or even all 
the members of a family. They interfere with nasal breathing, 
cause the inspired air to enter the lung without the proper warming 
and filtering in the nose, and predispose to bronchial and laryngeal 
affections. Often, enlargement of the pharyngeal tonsil co-exists 
with the enlargement of the faucial tonsils. In this case, inspiration 
is even further obstructed, the chest is never properly expanded, 
and becomes poorly developed, and the child falls out of health, 
loses his appetite, and sleeps badly. Snoring is a common result 
of the obstruction. The nose is necessarily badly ventilated, and 
mucus tends to gather in it, to trickle from the anterior nares, and 
to keep up an eczema of the upper lip. Post-nasal adenoids often 
cause deafness. They block the entrance of the Eustachian tubes, 
and harbour infective material in the connective tissue which 
composes them. Deafness is such a common effect of the presence 
of these growths, that probably the aural surgeon is oftener called 
upon to deal with them than any other practitioner. Infective 
material passes from the post-nasal space in these cases, and sets 
up suppurative middle-ear disease. 

Case I, J. W., ^^Z. 10. — Adenoid vegetations giving rise to recurring suppura- 
tion of the middle ear, which latter finally disappeared after removal of the 
growths. — During the year preceding May, 1901, three attacks of subacute 
suppurative otitis media occurred. After the second, the boy was brought to the 
writer, and, although he advised immediate operation on the naso-pharynx, this 
was not carried out before the third attack commenced. The tympanic mem- 
branes were both intact, but the right was rather redder than normal. After the 
third attack the operation was performed, and although during July, 1901, the 
boy took measles when at the coast, there was not then, nor has there been 
since, any discharge from either ear. 
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The Diagnosis of adenoid growths is easily made. The child 

has an open mouthy with a stnpid, dull look. (Stereografn XLVI.) 

His speech is nasal and flat, and his facial muscies are inactive, 

giving the face an expressionless look. WTien the mouth is opiened 

and the tongue depressed, some of the growths may be seen, but 

this is not conunon. Streaks of muco-pus he on the pharyngeal 

wall. If the patient be old enough to tolerate the examination, 

posterior rhinoscopy may be tried, and if successful, the surgeon 

will see the pale red, finger-Uke masses hanging down behind the 

uvula. In younger children, digital examination by the forefinger 

of the surgeon discovers the masses with ease. Often a firm central 

niass IS felt, but this is not universal. The growths may be well 

distributed over the whole vault, and in order to produce deafness 

they need not block the whole air-way. As the finger is withdrawn, 

some bleeding takes place into the mouth or by the anterior nares, 

generally the former, and this is of itself of some diagnostic value. 

These growths are very common in Britain. Amongst the deaf 

and dumb children at Glasgow the writer found them in 70 per 

cent, and in 40 per cent they were well enough marked to warrant 

removal — interfering as they did with the speech, the breathing, or 

the general well-being of the child. In respect of the presence of 

adenoid growths, deaf mutes may be taken as representative of 

average children. As will be noticed later (^see ''Tubercular 

Disease of the Ear '' Chap.YHj adenoid growths harbour the bacillus 

^^t tubercle, and in this way almost certainly lead to tuberculosis 

of the temporal bone. It is almost certain that tuberculosis of the 

cervical lymphatic glands is caused in the same way. 

'Treatment.— When adenoid growths set up any or all of the 
^yn^ptoms above described, they should be removed. Perhaps no 
procedure in modern surgery is more satisfactory, safer, and more 
commonly followed bv the desired result, than the operation for 
P^:^t.nasal adenoids when applied to suitable cases. If deafness 
'^^^*> it is usually removed or greatly improved^ General health 
»^ improved, breathing and speaking become better The dull, 
stupid look of the child gives place to a smart facial expression. 



with a closed mouth, and an appearance of attention and intelligence. 
Some operators use the finger nail, or an artificial steel nail 
fixed to the finger tip. The writer is quite sure that many of these 
masses are too firm for removal by the natural nail, and he knows 
no advantage of the nail in any case over the instruments used for 
the purpose. Three short, quick, firm strokes with a Gottstein's ring 
knife (Fig. 39) will clear the naso-pharynx in most cases, The 
bleeding is profuse for a minute or so, when it suddenly ceases. 
Some headache lasts for a day or so after the operation ; some blood 
is swallowed and may disturb the stomach for a day or two. The 
growths themselves usually slip into the oesophagus and are 




J-'ijr. 39.— Gottstein's Ring Kuivo 



^pwallowed, but if the patient be kept indoors for a day or two and a 
laxative be given on the second day, all disturbance soon passes off. 
There is no wound in the throat, so swallowing is not much interfered 
with. No after-treatment need be given for the first few days. Air- 
bags and nasal douche? are better avoided for the first week, in case 
foreign matter be sent into the middle ear. After a week, if some 
deafness be left, Pohtzerization should be carried out for a month 
or six weeks, and the ])atient may with advantage be sent to a high, 
dry, inland health resort. 

The operation must not be considered finished till the finger 
ascertains that the growths have been all removed. If any remain, 
they should be removed by a fresh introduction of the ring knife. 
The want of this precaution has given rise to the impression that 




" these growths recur." The writer thinks they very seldom recur, 
and that usually the so-called recurrence is due to want of thorough- 
ness in operating. The nervousness of children, and the need for 
thoroughness in doing this operation, makes it desirable that an 
anaesthetic be administered, if it be at all convenient. Ether, 
chloroform, nitrous oxide, or bromide of ethyl may be used. .\ 
smart operator can do the operation well with the shorter anaesthesia, 
but chloroform is so safe with children that in private practice it is 
generally preferred. Under anaesthesia, care must be taken that 
during the rapid bleeding following the strokes of the knife, blood 
does not get into the larynx. This may be prevented either by 
having the head hung backwards over the end of a table or sofa, and 
thus compelhng the blood to make its exit by gravitation from the 




Fig, 40, — Lcewcnberg's Post -Nasal Forceps. 



anterior nares, or bj' operating in the normal position and quickly 
turning the head to the side on withdrawing the instrument, and 
letting the blood flow into a flat vessel like a saucer or soap-dish 
held under the patient's mouth. The anesthesia need never be 
deep, as the operation is short. In using the knife it should be 
remembered that no damage can be done bv hard strokes. The 
knife cannot remove or injure anything it should not touch, for it 
only catches what projects from the plane of the pharyngeal wall. 
Many modifications of Gottstein's knife exist, and various forceps 
are sometimes used (Fig. 40). Forceps require repeated introduction, 
so that unless in adults, or under chloroform, they are unsuitable. 
Unless the growths yield to the forceps at once, their grip should 
be loosened in case the vomer be caught. A more lateral grip 
fhould then be taken. 



Adenoid growths should not be removed during acute inflam- 
matory affections of the throat or ear, or an acute nasal catarrh; 
but in chronic middle-ear suppuration the operation is not only 
permissible, but may be the means of causing cessation of the 
discharge. 

Enlarged Tonsils. — Associated with adenoid growths, but belong- 
ing to the pharynx, is hypertrophv of the tonsils. It is doubtful 
if these alone ever cause deafness, but they obstruct breathing, and 
in cases of deafness, where the adenoids operation is performed, 
they should be removed also. One of the modifications of the 
guillotine should be used for their removal. If the tonsil be flat 
and not easily brought within the fenestra of the guillotine, it may 
be removed piece-meal by the tonsil punch, or a galvano-cautery 
point may be plunged into it, and as a result shrivelling will in time 
take place. Section of the tonsil will display its composition, which 
may either be soft and friable, composed chiefly of adenoid tissue; 
tough, from a large admixture of fibrous tissue ; or lacunar, with a 
series of small abscesses or cheesy masses in the substance. The 
operation of tonsillotomy is nearly always followed by good results, 
both in the way of improved general health, and in lessening the 
risk of infection of the cervical glands. 

Affections of tlie Eustachian Tube. — These rarely come 
before the practitioner as separate cHnical conditions. But 
associated with and causing middle-ear affections, they are of common 
occurrence. It is in this latter connection that they require careful 
consideration. The Eustachian tube may be injured by the passage 
of bougies through the Eustachian catheter, or by the application 
of electrolysis for the relief of a stricture in its length. Some foreign 
matter may enter it during vomiting. But it is during the course 
of affections of the nose and naso-pharynx that the tube becomes 
diseased. Physiologically, we have seen that its chief function is 
to ventilate the middle ear, and to regulate the air-pressure in that 
cavity. Pathologically, its chief role is to act as the channel by 
which disease is conveyed from the naso-pharynx to the drum 
cavity ; these obhterations of its functions as an air-way are followed 




by middle-ear disease of a distressing, and often of a permanent 
type. 

Infective material brought by the Eustachian tube to the 
middle ear, often sets up middle-ear disease of the most destructive 
type, but these conditions will be studied in detail under the section 
deaUng with middle-ear disease. In the tube itself, the changes 
are those of an acute or chronic inflammation. In acute nasal 
catarrh, its pharyngeal orifice becomes occluded by swelling, and 
adherent mucus or crusts. After a brief, sharp cold in the head, 
these effects pass off. The symptoms— fullness and blowing noises 
in the ear, pain on swallowing, etc. — are distressing whilst they last, 
but if the duration of the nasal inflammation be short, and the 
recovery from it complete, nothing permanent is left. If, however, 
the attack be often repeated, or the condition in the nose and naso- ■ 
pharynx become chronic, the changes in the tube itself and in the 
middle ear become permanent. Denudation of its lining membrane J 
may be followed by adhesion of the opposite walls of the tube and | 
occlusion of its lumen, whilst chronic inflammation is attended here, [ 
as elsewhere, by connective-tissue changes which give rise to i 
permanent stricture of the tube. These changes are most marked 
in the lower or cartilaginous portion of the tube ; in the upper or J 
bony portion, exostoses may cause narrowing, and obstruct the | 
entrance of air to the middle ear. The mouth of the tube may be * 
ulcerated in cases of adenoid growths, in diphtheria, in syphilis, 
in scarlet fever, or in cancer of the tongue. 

The objective evidences of tubal affections are got by posterior 
rhinoscopy in suitable cases, but chiefly by auscultation with the 
catheter in position, and by the passage of bougies to ascertain the 
position and nature of any stricture which may exist. 

The Treatment consists of removal of the causative condition 
in the nose and naso-pharynx ; of the application of curative agents 
— douches, sprays, vapours, etc.— by the anterior nares to the 
naso-pharynx ; and of the passage of catheters and bougies for a 
long time at regular intervals, till any narrowing has been overcome 
and the normal lumen has been restored. 



Chapter VII. 

DISEASES OF THE MIDDLE EAR. 

Classification of Diseases of the Middle Ear, and Importance of Middle- Ear 
Disease — Infiaramations of the Tympanic Membrane : (a) Acute Myringitis ; 
(b) Chronic Myringitis — Catarrhal Affections ot the Middle Ear : {a) Acute 
Catarrh ; (b) Chronic Aural Catarrh — Otosclerosis — Operations in Chronic 
Non-Suppurative Middle-Ear Disease — Suppurative Disease of the Middle Ear : 
(a) Acute Suppurative Inflammation ; (b) Chronic Suppurative Inflammation ; 
Operative Treatment — Artificial Membrana Tympani — Aural Polypi — Tuber- 
culosis within the Temporal Bone— Ear Disease in the Acute Infectious 
Fevers — Injuries to the Organ of Hearing — Caisson Disease. 

CLASSIFICATION OF MIDDLE-EAR DISEASE. 

No entirely satisfactory classification of middle-ear affections 
has yet been made. Bacteriology, which is so rapidly coming to 
control our ideas about diseased processes, will probably — along 
with pathology — supply the basis for a final classification. But 
our knowledge of the pathology of middle-ear affections is far from 
complete, whilst that of the bacteriology is still in its infancy, so 
that any classification on this basis must only be provisional, and 
must be periodically upset as knowledge in these departments of 
research advances. But there are two broad characters of middle- 
ear affections, which, if taken along with the accompanying 
pathological conditions, afford a basis for a provisional classification 
of great practical use. 

1. Middle-ear disease tends either to be suppurative or non- 
suppurative. 

2. Middle-ear disease tends either to be acute or chronic. 

It is true that acute disease often drifts into chronic conditions, 
and that what begins as a non-suppurative condition sometimes 
ends in the formation of pus ; but this is often due to the environ- 
ment of the diseased area rather than to anything essential in the 
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diseased process" itself , and these characters are not peculiar to 
diseases of the middle ear, but attend the evolution of disease in 
every part of the body. So that if the provisional classification indi- 
cated above be taken as representing broad clinical features rather 
than rigid pathological conditions, it will be of sufl&cient practical use. 
The importance of middle-ear affections is only properly 
appreciated, when we consider that most internal-ear affections 
are secondary to middle-ear diseases, and that the latter may spread 
not only to the internal ear, but to the surrounding organs, especially 
to the intracranial structures. It is the mucous lining of the middle 
ear which, in almost all cases, is primarily affected. There is nothing 
essentially different in the catarrhal or inflammatory processes 
which take place within the tympanum, from the same processes 
going on in any other mucous membrane. But there is a very 
special character attaching to the theatre in which these processes 
are carried on. The middle ear is a very small cavity, occupied by 
mobile structures, and its function is more or less affected by every 
catarrhal or suppurative process which takes place within it. 
Catarrhal affections, if they continue long, result in the formation 
of connective tissue bands, adhesion of contiguous structures, and 
loss of mobility ; suppurative processes, if they are at all severe, 
or of long duration, result in loss of tissue — permanent perforation, 
exfoliation of ossicles, etc. — as well as in loss of mobility in the 
remaining structures. 

DISEASES OF THE TYMPANIC MEMBRANE. 

Placed between the external auditory canal and the tympanic 
cavity, this membrane shares in many of the diseased processes 
which begin on either side of it, and, semi-transparent as it is, 
conditions in the middle ear which hardly affect the membrane 
itself, cause alterations in its appearance easily discovered during 
examination. Thus, fluid in the drum-cavity may have its level 
represented by a dark line seen in the membrane, corresponding 
with the level of the pent-up fluid, or the membrane may be bulged 
towards the observer by the pressure of fluid from within. 
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What is known as paracusis Willisii, or hearing better in a 
noise^ is an almost constant feature of chronic aural catarrh 
(see Chap. X.) 

The further progress of the case is marked by increasing 
deafness, until the patient is shut out from all conversation except 
that which is spoken either in a louder tone or more closely to his 
ear than usual. Whispered speech is not heard at all^ or only when 
spoken very close to the ear. When tested with the tuning fork, 
aerial hearing is greatly reduced, whilst on the mastoid the fork 
shows that bone conduction is only a little, or not at all, reduced 
(Rinne's test). When the fork is placed on the forehead or the 
vertex, and the meatus closed by the finger, the sound heard is not 
increased as in a normal ear (Weber's test). The hearing for high 
notes (as ascertained by testing with Galton's whistle) is greatly 
reduced. 

The Prognosis should always be guarded, and is usually bad 
so far as hearing is concerned. Treatment may succeed in removing 
the cause of the disease in the nose and throat, but may fail to 
remove its effects within the tympanimi. The conditions there 
may be fixed and finished, and all that can be done is to adopt 
measures with a view to keep matters from getting worse. And 
yet it is a mistake to be pessimistic with regard to chronic aural 
catarrh. Persistent and well-directed efforts generally succeed 
in removing the tinnitus, and sometimes in improving the hearing. 
As in the case of acute aural catarrh, any improvement which 
follows ventilation of the tympanum, and any similar improvement 
which the patient experiences during dryer and better weather, 
are of hopeful import, and if in such a case there be gross lesions 
in the nose or naso-pharynx, a favourable prognosis may be given. 
Otosclerosis. — The above sketch of chronic aural catarrh 
suggests that the disease is associated with nasal and naso- 
pharyngeal conditions which cause the ear disease. This is generally 
the case, and even where the connection cannot be traced at the 
origin of the ear-trouble, attacks of naso-pharyngeal catarrh increase 
the tinnitus and deafness in those cases which originate otherwise. 




What is known as paracusis Willisii, or hearing better in a 
noise, is an almost constant feature of chronic aural catarrh 
(see Chap. X.) 

The further progress of the case is marked by increasing 
deafness, until the patient is shut out from all conversation except 
that which is spoken either in a louder tone or more closely to his 
ear than usual. Whispered speech is not heard at all, or only when 
spoken very close to the ear. When tested with the tuning fork, 
aerial hearing is greatly reduced, whilst on the mastoid the fork 
shows that bone conduction is only a little, or not at all, reduced 
(Rinne's test). When the fork is placed on the forehead or the 
vertex, and the meatus closed by the finger, the sound heard is not 
increased as in a normal ear (Weber's test). The hearing for high 
notes (as ascertained by testing with Gallon's whistle) is greatly 
reduced. 

The Prognosis should always be guarded, and is usually bad 
so far as hearing is concerned. Treatment may succeed in removing 
the cause of the disease in the nose and throat, but may fail to 
remove its effects within the tympanum. The conditions there 
may be fixed and finished, and all that can be done is to adopt 
measures with a view to keep matters from getting worse. And 
yet it is a mistake to be pessimistic with regard to chronic aural 
catarrh. Persistent and well-directed efforts generally succeed 
in removing the tinnitus, and sometimes in improving the hearing. 
As in the case of acute aural catarrh, any improvement which 
follows ventilation of the tympanum, and any similar improvement 
which the patient experiences during dryer and better weather, 
are of hopeful import, and if in such a case there be gross lesions 
in the nose or naso-pharynx, a favourable prognosis may be given. 
Otosclerosis. — The above sketch of chronic aural catarrh 
suggests that the disease is associated with nasal and naso- 
pharyngeal conditions which cause the ear disease. This is generally 
the case, and even where the connection cannot be traced at the 
origin of the ear-trouble, attacks of naso-pharyngeal catarrh increase 
the tinnitus and deafness in those cases which originate otherwise. 
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Acute rnflammation of the Tympanic Membrane. — Acute 
Myringitis (Plate III). — This occurs, as a rule, as a result of some 
affection of the external auditory canal, such as an otitis externa, 
an eczema of the canal, the pressure of a plug of cerumen or of a 
foreign body, the entrance of cold water into the canal during sea- 
bathing, etc. It may also be traumatic, as when a crochet pin is 
pushed against the membrane. The inflammation is usually confined 
to the epitheUal layers ; vesicles may form and rupture, causing 
excoriations and ulcerations ; sometimes the whole thickness of 
the membrane is involved, and the usual landmarks cannot be 
made out on examination by the speculum. Rarely does perforation 
occur ; but opaque patches due to calcareous deposit may remain 
in the substance of the tympanic membrane. When viewed through 
the speculum, there is reddening of thewholeorpart of the membrane, 
the handle of the maUeus may be invisible, and only a uniform 
reddening be seen. Vesicles or excoriations may be discovered, 
or flaky masses of cast-off epithelium may lie against the membrane 
or on the walls of the canal. A Uttle serous or sero-sanguineous 
discharge may be present in the external auditory canal ; if mucus 
be present in the discharge, a perforation should be sought for. 
The patient complains of pain, fullness in the ear, noises in the 
head, and, on manipulation of the auricle by the surgeon, pain is 
increased. 

The Treatment consists in removal of all irritating matter 
from the canal, e.g., cerumen, foreign body, pus, epithelium, etc., 
by warm alkaline lotion applied gently by means of the syringe, 
the thorough drying of the canal, and the subsequent insufflation 
of a dry antiseptic powder, such as boracic acid or aristol. The 
canal should be closed by a light plug of absorbent cotton. It is 
seldom necessary to put the patient to bed or to resort to local 
blood-letting. 

Chronic Inflammation of the Tympanic Membrane. — Chronic 
Myringitis. — This affection grows out of the corresponding acute 
condition, if the latter remain untreated ; or it may arise without 
any acute stage from the presence within the external auditory canal 
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of any irritant, such as a large ceniminous plug, a dirty, infected 
mass of cotton, or an otitis externa of any sort. The tympanic 
membrane may be covered by desquamated debris mixed with pus, 
or the surface of the membrane may be covered with granulation 
masses. The discharge may become caked into crusts, which are 
difficult to remove, and the condition may simulate a chronic middle- 
ear suppuration so closely that differential diagnosis is not easy. 
Careful cleansing of the membrane with a cotton-tip, the use of the 
probe, the absence of mucus in the discharge, the absence of any 
evidence of perforation during Politzerization or when the catheter 
is used, will clear up the diagnosis. The condition tends to recovery 
if the canal and the membrane be cleansed and kept dry, but 
permanent thickening of the membrane and calcareous patching 
may result. 

The Symptoms are those of chronic irritation within the canal : 
itching and discomfort, with but little acute pain. The hearing is 
less affected than in a middle-ear disease. 

The Treatment consists in the removal of the irritating 
materials from the surface of the membrane, and walls of the external 
auditory canal, and the treatment of any condition — such as boils, 
eczema, or diffuse inflammation of the external auditory canal— 
to which the inflammation of the membrane may be secondary. 
After the canal has been carefully cleansed and dried, boracic acid 
or aristol may be blown into the canal, and a light cotton plug 
placed in the outer end of the meatus. The ear should be examined 
daily, and the dressing repeated as required. Any predisposing 
cause in the general health of the patient should be treated by 
tonics and change of air, the seaside however being avoided, if any 
eczematous element exist in the case. 

CATARRHAL INFLAMMATION OF THE MIDDLE EAR. 

1^'ollowing the classification here adopted, catarrh of the middle 
car may be acute ^ or it may be chronic. 

Acute Middle-Ear Catarrh. — The chief predisposing causes of 
this disease are adenoid vegetations in the naso-pharynx in children, 



CATARRHAL INFLAMMATION OF THE MIDDLE EAR. 143 

and nasal diseases in adults. Adenoid growths obstruct the 
opening of the Eustachian tubes, and harbour pathogenic micro- 
organisms ; nasal obstruction renders the removal of mucus from 
the nasal cavities and the naso-pharynx difficult or impossible, 
and the retained discharges supply the micro-organisms which 
become the immediate cause of the middle-ear affection. The 
Eustachian tubes become inflamed at the pharyngeal end, obstruc- 
tion of their lumen occurs, and they thus become a link in the 
causal chain. The air in the middle ear becomes rarified by absorp- 
tion, and as obstruction of the tube exists, renewal is difficult. 
The occurrence of a cold in the head, an exanthematous attack, 
or an attack of influenza, determines the onset of the acute middle- 
ear disease. Micro-organisms arrive in the semi-vacuous tympanum. 
The lining of the tympanum becomes red, swollen, and the cavity 
more or less filled with a serous exudation in which there are 
mucus, epithelial cells, some blood corpuscles, and micro-organisms. 
The changes in the tympanic membrane are limited to the mucous 
layer for the most part, but in the more severe cases the whole 
thickness of the membrane may be involved, and then perforation 
may occur. 

If the "Eustachian and naso-pharyngeal disturbance be 
temporary, the attack in the middle ear passes off without leaving 
permanent changes in the cavity of the latter. If the former be 
long continued, permanent changes in the middle ear take place. 
The drum-head becomes retracted, adhesions within the tympanic 
cavity take place by the formation of connective tissue bands, and 
a chronic catarrhal condition is established. 

If a nasal or a naso-pharyngeal cause be well marked, the 
Symptoms belonging to these conditions are present, viz., nasal 
discharge^ mouth-breathing, etc. The ear symptoms are a feeling 
of slight pain of a dull character, or there may be only a sensation 
of fullness or throbbing in the ear. There is considerable deafness, 
crackling or bubbling in the ear may be heard, and the patient's 
voice resonates to him as if he had spoken from the depths of a 
well — autophony. Through the speculum the membrane is seen 
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What is known as paracusis Willisii, or hearing better in a 
noise, is an almost constant feature of chronic aural catarrh 
(see Chap. X.) 

The further progress of the case is marked by increasing 
deafness, until the patient is shut out from all conversation except 
that which is spoken either in a louder tone or more closely to his 
ear than usual. Whispered speech is not heard at all, or only when 
spoken very close to the ear. When tested with the tuning fork, 
aerial hearing is greatly reduced, whilst on the mastoid the fork 
shows that bone conduction is only a little, or not at all, reduced 
(Rinne's test). When the fork is placed on the forehead or the 
vertex, and the meatus closed by the finger, the sound heard is not 
increased as in a normal ear (Weber's test). The hearing for high 
notes (as ascertained by testing with Galton's whistle) is greatly 
reduced. 

The Prognosis should always be guarded, and is usuaUy bad 
so far as hearing is concerned. Treatment may succeed in removing 
the cause of the disease in the nose and throat, but may fail to 
remove its effects within the tympanum. The conditions there 
may be fixed and finished, and all that can be done is to adopt 
measures with a view to keep matters from getting worse. And 
yet it is a mistake to be pessimistic with regard to chronic aural 
catarrh. Persistent and well-directed efforts generally succeed 
in removing the tinnitus, and sometimes in improving the hearing. 
As in the case of acute aural catarrh, any improvement whidi 
follows ventilation of the tympanum, and any similar improvement 
which the patient experiences during dryer and better weather, 
arc of hopeful import, and if in such a case there be gross lesions 
in the nose or naso-pharynx, a favourable prognosis may be given. 
Otosclerosis. — The above sketch of chronic aural catarrh 
suggests that the disease is associated with nasal and naso- 
pharyngeal conditions which cause the ear disease. This is generally 
the case, and even where the connection cannot be traced at the 
origin of the ear-trouble, attacks of naso-pharyngeal catarrh increase 
the tinnitus and deafness in those cases which originate otherwise. 
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But there are many cases of chronic aural catarrh, or at least of 
aural disease, with the same symptoms and with but slightly altered 
objective signs, in which no gross naso-pharyngeal lesion exists, 
and in which no history of a naso-pharyngeal origin can be discovered. 

The pathology of these cases is somewhat obscure. They 
frequently occur in several members of the same family, and are 
often associated with the gouty or rheumatic disposition. They 
also arise in connection with pregnancy, and repeated pregnancies 
often mean accessions to the amount of deafness and the violence of 
the tinnitus. But they cannot be described as cases of catarrh in 
the typical sense. The otoscopic appearances are not well marked. 
The tvmpanic membrane and the mucous lining of the middle car 
are little altered. The promontory may shine through the membrane 
and give a pink or rose-coloured appearance to the central zone of 
the membrane. The immediate cause of the deafness seems to be, 
in the early stages of the disease, fixation of the foot-plate of the 
stapes within the oval \vindow. Here, and spreading towards the 
capsule of the labyrinth, growing bone begins to appear. The new 
growth takes place in the crura and foot-plate of the stapes, and 
spreads to the vestibule, the nerve trunks become surrounded by 
dense connective tissue. The disease has been called otosclerosis. 

The disease is commonest in the third decade of life, and occurs 
oftenest in women. Tinnitus is the earUest symptom. This may 
last for many years before noticeable deafness develops. Giddiness 
occurs if labyrinthine tension be suddenly increased during the 
progress of the disease. The Eustachian tube is found to be open, 
le prognosis as regards hearing is bad. 

The term sclerosis has been somewhat loosely applied in 
connection with chronic middle-ear disease. In conversation 
recently with an eminent German otologist, the latter asked 
the writer, when the treatment of these cases came up, " What 
IS sclerosis of the middle ear ? " Some writers reserve the term 
sclerosis for the cases last described, viz., in which the bony changes 
are conspicuous, and the changes in the tympanic membrane and 
ity are hardly demonstrable. Others apply the term sclerosis 
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immovable within the fenestra ovalis. The bony process of the 
incus may become fixed against the posterior or upper part of the 
inner tympanic wall, whilst the handle of the malleus may 
similarly adhere to the promontory. 

With the single exception of the fixation of the foot-plate of 
the stapes in the foramen ovale, objective evidence of all these 
changes may be got by examination with mirror and speculiun. 
The membrane itself no longer presents the uniformly curved surface, 
slightly broken only in its middle by the malleus handle, and above 
by the short process of the same bone. Its lustre is lessened or 
has disappeared, and there is either no cone of light at all, or it is 
broken up or altered in position. The whole central zone of the 
membrane may be sucked inwards and look thin and bluish, whilst 
its periphery looks thickened and white, probably because this margin 
is seen end on (Plate III, Figs. I.J.) More commonly this retraction 
takes place irregularly. Parts of the membrane which have become 
thinned fall in most, and a puckered, irregular surface presents 
itself to the observer's eye. One or two featiures of such cases are 
fairiy common. The handle of the malleus, and the long process 
of the incus, stand out in greater relief than usual, and the anterior 
and posterior folds springing from the short process of the malleus, 
and having Shrapnell's membrane above them, are accentuated. 
This gives a '^ fore- shortened " appearance to the handle of the 
malleus. 

During the application of Siegle's speculum, parts of the 
tympanic membrane may be seen to be too mobile (thin atrophic 
parts), or the whole membrane may be so tied down that no move- 
ment can be produced by suction. If Politzerization be used, the 
thinned atrophic parts may be ballooned out to resemble blisters. 
On the other hand, there is generally reduced mobility of the malleus 
and incus, and though it cannot be demonstrated by direct examin- 
ation, there is almost always lessened mobility of the stapes within 
the ring of the oval window. The opinion is generally held that 
it is this latter fixation — that of the stapes within the oval window — 
which is responsible for the most distressing symptoms which attend 
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this disease (tinnitus, etc.). Auscultation during catheterization 
of the Eustachian tube may discover nothing remarkable, for it 
is not uncommon for this disease to progress, although the cause 
in the nose or naso-pharynx has disappeared. The tube may be 
patent, therefore. But in some cases r&les can be produced by 
the air current — mucus in the tube, or exudation within the middle 
ear ; or it may be difficult to get any air-current to pass at all, or a 
high hissing sound may result ; total closure or great narrowing 
of the Eustachian tube near the isthmus. Such are the objective 
signs which accompany chronic aural catarrh, one of the most 
difficult conditions which the practitioner is called upon to treat. 

It is probable that paralysis of the tubal muscles plays an 
important part in the production of some of such cases of chronic 
aural catarrh. This is most commonly so in facial paralysis 
and diphtheria, but it may also occur in connection with debilitating 
conditions, such as overwork, pregnancy and anaemia, etc. 

The Symptoms attending chronic aural catarrh are not neces- 
sarily conspicuous at the first. Probably the earliest change is 
diminution in hearing, but as this at first affects only his ' spare ' 
hearing, and as the loss is very gradual, it is for a long time not 
noticed by the patient. Although the disease is one which generally 
attacks both ears, it is often much more advanced in one than the 
other, so that great deafness may exist in the more advanced ear 
without the fact being known to the patient. Perhaps, in most 
cases, tinnitus is first complained of, and in many cases it is so 
prominent and so constant a symptom that it is looked on by the 
sufferer as more serious than the deafness. The tinnitus is of a 
high-pitched whistling or hissing kind, is very continuous, and 
sometimes becomes quite intolerable. If the labyrinth become 
involved, as it does to a greater or less extent in many of these cases, 
and if there be any sudden advance in this direction, the patient 
may experience a sudden collapse attended by great giddiness, 
vomiting, increased tinnitus aurium, and deafness. All these 
distressing symptoms gradually pass off, except the deafness, which 
is usually greater than before the acute attack. 




Wh known as paracusis Willisii, or hearing better in a 

noise, is almost constant feature of chronic aural catarrh 

(see Chap. A.) 

The further progress of the case is marked by increasing 
deafness, until the patient is shut out from all conversation except 
that which is spoken either in a louder tone or more closely to his 
ear than usual. Whispered speech is not heard at all, or only when 
spoken very close to the ear. When tested with the tuning fork, 
aerial hearing is greatly reduced, whilst on the mastoid the fork 
shows that bone conduction is only a little, or not at all, reduced 
(Rinne's test). When the fork is placed on the forehead or the 
vertex, and the meatus closed by the finger, the sound heard is not 
increased as in a normal ear (Weber's test). The hearing for high 
notes (as ascertained by testing with Galton's whistle) is greatly 
reduced. 

The Prognosis should always be guarded, and is usually bad 
so far as hearing is concerned. Treatment may succeed in removing 
the cause of the disease in the nose and throat, but may fail to 
remove its effects within the tympanum. The conditions there 
may be fixed and finished, and all that can be done is to adopt 
measures with a view to keep matters from getting worse. And 
yet it is a mistake to be pessimistic with regard to chronic aural 
catarrh. Persistent and well-directed efforts generally succeed 
in removing the tinnitus, and sometimes in improving the hearing. 
As in the case of acute aural catarrh, any improvement which 
follows ventilation of the tympanum, and any similar improvement 
which the patient experiences during dryer and better weather, 
are of hopeful import, and if in such a case there be gross lesions 
in the nose or naso-pharynx, a favourable prognosis may be given. 

Otosclerosis.— The above sketch of chronic aural catarrh 
suggests that the disease is associated with nasal and naso- 
pharyngeal conditions which cause the ear disease. This is generally 
the case, and even where the connection cannot be traced at the 
origin of the ear-trouble, attacks of naso-pharyngeal catarrh increase 
the tinnitus and deafness in those cases which originate otherwise. 
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But there are many cases of chronic aural catarrh, or at least of 

aural disease, with the same symptoms and with but slightly altered 

objective signs, in which no gross naso-pharyngeal lesion exists, 

and in which no history of a naso-pharyngeal origin can be discovered. 

The pathology of these cases is somewhat obscure. They 

frequently occur in several members of the same family, and are 

often associated with the gouty or rheumatic disposition. They 

also arise in connection with pregnancy, and repeated pregnancies 

often mean accessions to the amount of deafness and the violence of 

the tinnitus. But they cannot be described as cases of catarrh in 

the typical sense. The otoscopic appearances are not well marked. 

The tympanic membrane and the mucous lining of the middle ear 

are little altered. The promontory may shine through the membrane 

and give a pink or rose-coloured appearance to the central zone of 

the membrane. The immediate cause of the deafness seems to be, 

in the early stages of the disease, fixation of the foot-plate of the 

stapes within the oval window. Here, and spreading towards the 

capsule of the labyrinth, growing bone begins to appear. The new 

growth takes place in the crura and foot-plate of the stapes, and 

spreads to the vestibule, the nerve trunks become surrounded by 

dense connective tissue. The disease has been called otosclerosis. 

The disease is commonest in the third decade of life, and occurs 
oftenest in women. Tinnitus is the earliest symptom. This may 
last for many years before noticeable deafness develops. Giddiness 
occurs if labyrinthine tension be suddenly increased during the 
progress of the disease. The Eustachian tube is found to be open. 
The prognosis as regards hearing is bad. 

The term sclerosis has been somewhat loosely applied in 
connection with chronic middle-ear disease. In conversation 
recently with an eminent German otologist, the latter asked 
the writer, when the treatment of these cases came up, *' What 
IS sclerosis of the middle ear ? " Some writers reserve the term 
sclerosis for the cases last described, viz., in which the bony changes 
are conspicuous, and the changes in the tympanic membrane and 
cavity are hardly demonstrable. Others apply the term sclerosis 



to the chronic catarrhal cases described in this section. It 
seems to the present writer better to reserve the term sclerosis or 
otosclerosis for those cases in which the catarrhal element, as 
disclosed by the history, and as demonstrated by otoscopic examina- 
tion, is nearly or entirely absent, and to use the term chronic aural 
catarrh for those cases which show marked changes in the tympanic 
membrane and middle ear by otoscopic examination, and which 
show a historj' of nasal and naso-pharyngeal symptoms at the 
beginning of, or during, their course. 

The Diagnosis as between otosclerosis and chronic aural 
catarrh, is not difficult in a typical unmixed case. In otosclerosis, 
the deafness is progressive, the accessions of deafness are associated 
with worry, mental strain, or other nervous cause, there is no chronic 
nasal catarrh or obstruction ; but there is often a family history of 
deafness. Further, there is no marked middle-ear adhesion or retrac- 
tion of membrane, and the Eustachian tube is normal. Rinne's test 
is negative, the tones of the deepest forks are audible, but the highest 
notes are not well heard. In chronic aural catarrh, Weber's test 
is laterahzed towards the diseased or worse ear, Rinne's test is 
negative, the tones of the deepest forks are inaudible, and there 
may be absolute prolongation of hearing for the tuning-fork placed 
on the mastoid process. These hearing tests are not in themselves 
sufficient to distinguish the conditions from one another ; but if 
hereditary element is absent, if there be a chronic nasal catarrh or 
obstruction, if the objective signs be those of Eustachian obstruc- 
tion or stricture, and if there be retraction and adhesions of the 
structures within the middle ear, the diagnosis is not difficult. It 
is where the conditions are mixed, or where a labyrinthine affection 
has been added, that it may be difficult to diagnose the condition, 
or to give proper value to the elements present. 

The Treatment of chronic aural catarrh, and of otosclerosis, is 
the most disappointing part of the work of the aural surgeon. But 
it is not hopeless, and it should be carried out with determination 
and great patience. His success will be in inverse ratio to the 
length of time the symptoms have lasted. The recognition and 
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thorough treatment of acute and subacute conditions afford his 
most hopeful field of work. There he will often get brilliant results, 
and even where he cannot give back full hearing power, he will, 
in the catarrhal cases at least, generally arrest the further progress 
of the deafness. That is a good deal to be able to effect in a case 
which otherwise is certain to get worse. 

His attention must be first turned to the nose and naso- 
pharynx. The latter must be emptied of all adenoid growths, 
and a free air-way must be established through both sides of 
the former. These measures are demanded for the general 
Well-being of the patient, as well as for the restoration of nasal 
breathing, which has been lost or greatly diminished ; but in all 
except the most chronic cases they are a necessary introduction 
to the treatment of the deafness itself. Appropriate nasal douches 
or sprays should be prescribed if discharge or crusting makes regular 
cleansing necessary. After this operative treatment has been 
completed, regular ventilation of the middle ear must be effected, 
either by Politzer's method, or, better still, by means of the 
Eustachian catheter. Unless this treatment be almost immediately 
successful, some form of massage of the middle ear should be tried. 
Suction by Siegle's speculum (Fig. lo, p. 52) is simple, and occasion- 
ally effective, and during its application the surgeon may watch the 
amount of reddening the massage produces, and the amount of move- 
ment of the ossicles and various parts of the tympanic membrane. 
Delstanche's rarefacteur (Fig. 33, p. 94) acts in the same way, and can 
be managed by the patient himself. But the best result is obtained 
[by the use of Breitung's pneumo-massage apparatus (Fig. 34, p. 95), 
tdriven by a motor, either from the main or from a suitable storage 
battery. The vibrations produced in this way are much more rapid, 
more regular, and can be uniformly applied over a definite period. 
Inflation through the catheter should accompany massage, and the 
treatment may be applied either daily, or two or three times a week, 
iccording to the convenience of the patient and the surgeon. In 
lur to six weeks, unless improvement set in, treatment should be 
terrupted, and the patient sent to a high, dry atmosphere. 




Other forms of treatment are by the injection into the middle 
ear {via the Eustachian tube) of the vapours of chloride of ammonium, 
ether, chloroform, or other vaporous stimulant. Solutions of 
iodide of potash, of muriate of pilocarpine, of bicarbonate of soda, 
and of many other salts, are sometimes injected into the middle ear 
through the Eustachian catheter, with the object of removing, or 
of producing the absorption of the inflammatory products which 
cause stiffening of the structures within the tympanum. Liquid 
vaseline is used in the same way. Unless there be a perforation, 
only a few drops of any fluid must be used at a time. The fluid, 
of course, must be warmed and sterilized. The injection is carried 
out as follows : A Pravaz syringe is filled with the medicated fluid, 
and its nozzle, which must fit accurately, is inserted into the 
Eustachian catheter, which has been previously passed into the 
Eustachian tube. A few drops are now forced into the catheter 
under slight pressure, and then by means of the air-bag the fluid is 
forced up the tube into the middle ear. The method is not sufi&ci- 
ently under the control of the operator, who cannot gauge accurately 
either the amount of fluid which enters the middle ear, nor the force 
with which it enters. Some of the fluid may escape into the pharynx, 
and in spite of all precautions, over-reaction and even suppuration 
of the middle ear may be set up. 

The practice of nasal operations with a view to relieving the 
deafness in these chronic cases, has given rise to what seems to the 
author an unnecessary amount of difference of opinion amongst 
aural surgeons. The advent of such local remedies as cocaine 
and adrenalin has made nasal surgery painless, and almost bloodless ; 
the temptation to operation has therefore increased with the ease 
of operating. But in most cases of chronic aural catarrh, and in 
all cases of sclerosis, restoring the air-ways within the nose will not 
restore hearing. The processes within the ear are either finished 
or are progressing, independently of the nasal condition, so that 
all that can be hoped for is the prevention of those accessions of 
deafness which are due to attacks of nasal or naso-pharyngeal 
catarrh. It is for these latter, and not for the cure of old-standing 
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deafness, that operation should be undertaken. If, therefore, 
there are nasal symptoms present, which on their own account 
warrant operation, the latter should be undertaken ; but if no 
subjective symptoms of obstruction be present, the surgeon is not 
justified in operating for some sUght objective deviation from his 
idea of the normal. 

Operations in Non-Suppurative Middle-Ear Disease. 

(The Tympanic Membrane being intact). 

If the treatment of chronic aural catarrh as outlined above 
should fail, and if deafness be very great, or the tinnitus very 
distressing, some kind of operative treatment within the middle 
ear may be thought of. The chief measures of this kind are 

1. Artificial perforation of the tympanic membrane ^ with or 
without removal of a part of the membrane. 

2. Division of the anterior or posterior folds of the tympanic 
membrane. 

3. Division of the tendon of the tensor tympani muscle, 

4. Operations upon the tympanic ossicles. 

None of these procedures is new, and none of them has taken 
a permanent place in the treatment of this disease. All of them 
give temporary relief from subjective noises, and sometimes improve 
hearing. In most cases, however, the relief and the improvement 
are not permanent. If proper precautions be taken before, during, 
and after the operation, no bad result will follow ; and as the cases 
for which these operations are proposed are admittedly incurable 
by other means, a short description of the operations themselves 
is worth giving. 

Unlike the case of chronic middle-ear suppuration in which 
analogous operations have to be carried out, the field of operation 
may here be rendered aseptic. On the day before any operation 
within the tympanum, the external auditory canal should have an 
ear-bath of peroxide of hydrogen, after which the canal should be 
washed out with a watery solution of carbolic acid, or of 1-5000 
solution of bichloride of mercury in alcohol and water. On the 



day of the operation, if fluid be used at all, it should be a sterilized 
normal salt solution alone. After the cleansing, a plug of sterilized 
cotton should be worn till the operation begins. 

It is better to do without a general aneesthetic. The incision 
of the tympanic membrane, if it be limited to the membrane, 
is not very painful, and except in its upper part, is almost bloodless; 
and after the membrane has been perforated, a twenty per cent 
solution of hydrochlorate of cocaine introduced within the middle 
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car on cotton-tips will control the pain almost entirely, whilst 
adrenalin chloridr, similarly used, will greatly lessen haemorrhage. 
Locnl iirucHlhrHiii iilso Ims this advantage, that diuing the course 
of (I t""l<'iiKf<l opiTtitinn, the effects of its various stages on the 
hctiilMM I'Hii lir uHi'i-rlitincd. 

I hn itmtiiimt^iitc UHfd nuiHt be familiar to the operator, mounted 
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m delicate stems with straight and bent handles. They consist 
of sharp and probe-pointed knives, scrapers, probes, hooks, forceps, 

to. (see Fig. 41). AU knives must be very sharp, as this not only 
contributes to accurate working, but greatly lessens pain in cutting, 
r. Artificial Perforation of the Tympanic Membrane.— 
Myringotomy. — This is not a difficult operation. The best site 
for the incision is the posterior section. It should begin in the 
upper and posterior quadrant, as high up as possible. It is necessary 
to use a sharp-pointed knife in perforating, but the incision should 
be continued by introducing a blunt-pointed knife through the 
perforation, and cutting downward and a little forward in a curve. 
Unless the deeper parts of the tympanum be injured, there will 
be little pain or bleeding. If the operation be done for an inflamed 
condition of the membrane, with the object of evacuating any 
fluid and of depleting the blood-vessels of the middle ear, it is well 
to carry the incision, with a sharp-pointed knife, through the 
mucous membrane of the middle ear, and to make it as free as 
possible ; but if the case be one of chronic aural catarrh, and the 
object of the incision be exploratory, or introductory to a further 
operation on the ossicles, the line of the incision should be kept 
well within the membrane proper, as it is desirable to have the field 
of operation as bloodless as possible during the later stages of the 
operation. 

Removal of a part of the Tympanic Membrane. — Myringectomy. 
— The incision which has just been described, whilst within the 
tympanic membrane, is quite close to its posterior border, near its 
insertion to the tympanic ring. It has been described as being 
made from above downwards, but it may be made from below 
npwards. In either case, if the object of the operator is to expose 
the incudo-stapedial articulation, the upper end of the incision is 
made to travel across the membrane below the posterior fold to 
the vicinity of the short process of the malleus, where it turns 

downwards behind the handle of the malleus, and may be made to 

run parallel with it as far as the operator wills. A flap of tympanic 
membrane is thus liberated, attached only at its lower part, and 
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can be made to fall outwards and display the articulation between 
the head of the stapes and the long process of the incus. The 
mobility of the stapes may be tested, and any further operative 
treatment adopted, or the flap may be folded up again into its 
original position and supported with a light packing, and in a day 
or two the wound will be found to have healed. If a permanent 
opening in the membrane be desired, the flap may be severed at 
its lower part and removed by forceps. 

Even if such a flap as has been described were removed by 
severing it at the periphery of the membrane, the opening may not 
be permanent. But the resulting perforation would remain open 
long enough to enable the surgeon to judge of the effect of a permanent 
opening through the membrane, or of the probable effect of removal 
of the whole membrane and of the malleus and incus. The removal 
of such a flap by cutting is by far the best method of performing a 
partial myringectomy, but the same result may be attained by a 
fine galvano-cautery point used against the posterior segment of 
the membrane, or by a fine cotton-tipped probe which has been 
lightly soaked in nitric or sulphuric acid. The cutting operation 
is the most difficult, and is much more difficult than the mere sUtting 
of the membrane, for the detachment of the poorly supported flap 
is not at all easy, but it gives much the most easily managed wound 
during the after treatment. 

Should the perforation be effected by means of any form of 
cautery or caustic, suppuration is much more apt to attend the 
subsequent stages of the case. 

2. Division of the Anterior or Posterior folds of the Tympanic 
Membrane may be performed by piercing the membrane with a 
sharp-pointed knife, and cutting from above downwards till the 
tight fold gives way. In chronic aural catarrh these two folds 
form very definite features of the distorted or retracted membrane, 
and division of them is sometimes performed with the object of 
restoring, in part at least, the normal position of the structures 
within the middle ear. The operation has received the name of 
plicotomy^ and was suggested by Politzer and Lucae over thirty 
years ago. 
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3. Division of the Tendon of the Tensor Tympani Muscle was 

first performed by Weber Liel in 1868. This operation is best 
performed by the aid of Hartmann's tenotome (See Fig. 41) which 
is introduced through the membrane between the handle of the 
malleus and the long process of the incus, and withdrawn with its 
point directed upwards. Another instrument for the purpose is 
Weber Liel's hook-shaped knife, which is introduced in front of 
the short process of the malleus. By rotating the handle, the 
knife is made to embrace the tendon and sever it. Some 
operators use a blunt-pointed knife curved on the flat. If the 
operator have a clear idea of the position of the tendon as it 
approaches the malleus handle from the inner tympanic wall, any 
of these instruments may be used, and a good deal of latitude may 
be allowed in the employment of them. 

This tenotomy has for its object the relief of a contraction of 
the muscles, spastic in character, and occurring early in cases of 
chronic aural catarrh, in the later stages of which the formation of 
fibrous bands within the tympanic cavity form the most marked 
pathological change. Did the spastic contraction of the mucles 
exist as the only diseased condition present, and could such special 
cases be early and easily recognized, the operation would give good 
results. 

4. Operations upon the Tympanic Ossicles. — The operation of 
partial myringectomy described above, affords the best means of 
reaching the incudo-stapedial articulation. If by this means the 
articulation has been displayed, the disarticulation of the incus 
from the stapes may be effected by an angular knife entered from 
behind^ the incision being carried from above downwards between 
the two bones (head of the stapes and long process of the incus). 
Dench advises, as a preliminary step, the cuttmg of the stapedius 
tendon. Unless this be first done, there may be difficulty in 
some cases in inserting the angular knife between the margin of 
the tympanic ring and the long process. If, however, this 
preliminary tenotomy be performed, the tensor- tympani muscle, 
and the fibrous structures in the anterior part of the tympanum, 
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pull the liberated ossicles forwards, and make the subsequent 
disarticulation more easily effected. After disarticulation, the 
ossicles may be sufficiently displaced to permit of mobilization 
of the stapes. This is best done by a probe or by a finely tipped 
cotton-holder, which, when applied to the head of the bone, 
may be made to move the latter from side to side as far as its 
attachments within the foramen ovale will allow. If fibrosis have 
fixed the foot-plate within the foramen, the fixing bands may be 
divided by passing the point of a knife round the foot-plate, and 
cutting any fibrous bands which bind down the ossicle. If the 
long process of the incus be so near the margin of the membrane, 
that the tenotome cannot be introduced between the process and 
the tympanic ring, the tenotomy may be performed by disarticulating 
from the front, the angular knife being introduced close behind the 
malleus handle, and with a downward sweep, made to pass through 
the articulation. 




Ft^. 42.— Crocodile Forceps. 

Removal of the Tympanic Ossicles, — The early stages of the 
operation for the removal of the malleus and incus, are the same 
as the steps which have been described for performing the operation 
of partial myringectomy. After the disarticulation of the incus 
from the stapes, the crescentic incision — which, starting from the 
posterior fold of the membrane, reached to the lower part of the 
membrane — is continued forwards and then upwards, near the 
tympanic ring, till Shrapnell's membrane is reached. There remain 
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now for division, the structures connecting the malleus with the 
tegmen tympani and the tympanic ring — the ligaments of the 
malleus, the tensor- tympani muscle, and ShrapnelFs membrane. 
These are rapidly divided by a sharp-pointed knife. At this stage 
bleeding may be so profuse as to obscure the field of operation, but 
can easily be controlled by pressure of plugs of cotton. The malleus 
is then seized at the short process — never by the manubrium — by 
a pair of small crocodile forceps (Fig. 42) or by a pair of Sexton's 





Ftj^, 43. — Sexton's Ear Forceps. 

forceps (Fig. 43), and pulled, first well downwards into the middle 
of the tympanic cavity, and then outwards in the axis of the external 
auditory canal. After the removal of the malleus, the incus must 
be similarly seized and removed from the ear, the forceps by choice 
seizing the ossicle by the long process. Dench emphasizes the 
difficulty there often is in discovering and removing the incus. 
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Fig-. 44. — Ludwig's Incus Hooks. 



which is apt to get almost out of view in the tympanic cavity, in 
the trough formed just beyond the tympanic ring. An incus hook 
(,Fig. 44) is carefully swept round the postero-inferior part of the 
t3nnpanum^ just within the tympanic ring, and if the incus do not 
appear on repetition of this movement, a similar movement is 
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conducted in the antero-inferior part of the cavity. These move- 
ments, carefully carried out, bring the ossicle into view, and permit 
of its being removed by the forceps. Care should be taken in 
thus searching for the loosened incus, not to displace towards it the 
mastoid antrum (aditus ad antrum). The condition of the stapes 
may now be ascertained, and its mobility tested, if the ossicle is well 
within view. If it cannot be seen, Dench punches out the upper 
and posterior margin of the tympanic ring with a pair of chisel 
forceps, to bring the ossicle better into view (Fig. 48, p. 183). 

If it is not intended to remove the stapes, the middle ear is 
now dried, and a light packing of iodoform gauze left in the external 
auditory canal. If the stapes is to be removed, it must be freed 
round its foot-plate from all adhesions, by a sharp-pointed knife 
carefully used for this purpose. The tendon of the stapedius has 
been thoroughly severed at an earlier stage of the operation. The 
head and crura of the ossicle are now seized by a pair of fine forceps, 
or a hook is passed round the head between the crura, and gentle 
traction is made till the bone comes away. Care must be taken 
not to break the crura and leave the foot-plate. Troublesome 
giddiness is apt to follow the removal of this ossicle. 

Operations on the tympanic membrane and ossicles, in chronic 
non-suppurative ear disease, undertaken with the objects of improv- 
ing hearing and removing subjective auditory sensations, do not 
offer an encouraging field for the activity of the surgeon. Artificial 
perforations of the intact tympanic membrane — unless acute 
suppurative processes are present — close with certainty, however 
large they be to begin with, or however carefully kept open. Even 
when the entire membrane is removed, a cicatricial substitute tends 
to form, and may have to be repeatedly removed before a patent 
middle ear remains. Further, the intra-tympanic structures — 
ossicles, muscles, mucous membrane, etc. — are wrapped about and 
bound down by cicatricial tissue to each other, or to the membrane, 
or to both. The field of operation is therefore vicious to begin with, 
and results which come immediately and seem encouraging, are 
slowly wiped out by the relentless re-contraction of the incised 
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structures. Here is PoUtzer's verdict on the subject ; " The operative 
procedures which were formerly practised to a great extent in the 
catarrhal adhesive processes and in otosclerosis, did not fulfil the 
expectations, and the probable results which were at first ascribed 
to them have dwindled almost to a minimum within the last few 
years. These operations are : Mobilization of the stapes, synecho- 
tomy of the crura of the stapes, excision of the entire membrane, 
with the malleus and incus, and finally, extraction of the stapes." 

On the other hand, Dench seems to think the improvement 
^gained warrants the operation, and indeed makes it incumbent on 
the surgeon to offer it to the patient. He says, " Of cases where 
the membrana tympani was intact, including one or two instances 
where there had been a suppurative process in childhood, ninety 
have been subjected to operation. Of these there was much improve- 
ment in seventy-eight cases ; ten were unimproved ; one grew worse 
after the operation ; and in one, the result was unknown." In this 
statement there is nothing about the permanence or even the 
duration, of the improvement. After giving further statistics, 
which have reference also to the result of the operation after suppura- 
tive disease, Dench continues, " It will be seen from these statistics 
that the greatest improvement has followed those operations 
performed under cocaine anaesthesia, and where the design has been 
to secure a permanent opening into the tympanum. Tliis seems 
to be the most rational procedure in all cases where the membrana 
tympani is intact ; and since it can be done without general anaes- 
thesia, we are warranted in recommending at least an exploratory 
tympanotomy in all cases where the hearing has failed to improve 
under less radical measures. In no given case can we state the 
amount of improvement which we should expect, and it is always 
our duty to inform the patient of the experimental character of 
the measure. From the fact, however, that the procedure is followed 
by no discomfort, that it can be performed without pain, and that 
humanly speaking it will not injure the organ, we certainly fail to 
fulfil our entire duty to our patients if the subject is not presented 
to them fairly." 




Dilatation of the Eustachian Tube.^Where it can be shovn\ 
or is strongly suspected that the middle-ear catarrh is due to a 
stricture of the Eustachian tube, and that such stricture still 
persists, an attempt should be made to dilate the stricture. Thk 
is best done by the gum elastic or celluloid bougies which have been 
already referred to (/>. 92). It may also be done by electrolysis, but in 
either case the stricture is apt to recur after dilatation, and in the 
apphcation of both methods, but especially of the latter, damage 
may be done to the tube or the structures surrounding it. Further, 
the condition of matters within the middle ear is often a finished 
one, and the symptoms for which dilatation of the tube is undertaken 
may remain, although the stricture be successfully dilated. 

StPPURATIVE DISEASE OF THE MIDDLE EAR. 

When acute inflammation attacks the middle ear, and pus forms, 
the latter exists under tension. On all sides the abscess is confined 
by hard, bony walls, except towards the tympanic membrane. 
Recovery may take place by absorption, leaving the tympanum 
almost unaltered ; or the products of inflammation may form 
adhesions within the tympanic cavity ; if the layers of the membrane 
have been infiltrated with the exudate, the latter may undergo 
calcification, and chalky patches may form within the substance 
of the tympanic membrane ; lastly, the abscess may rupture on 
the side of least resistance — the tympanic membrane — and a 
perforation may result. Such a perforation may rapidly close, 
leaving a hardly discernible scar, or, after cessation of the discharge, 
a dry perforation may persist. A common result is that the discharge 
persists, and chronic suppuration of the middle ear is estabhshed. 

Acute Suiipurative Otitis Media. — The causes of acute middle- 
ear suppuration are the infectious diseases, such as scarlet fever, 
measles, diphtheria, influenza, etc. The micro-organisms which 
are the immediate cause of the middle-ear disease may reach the 
middle ear either by way of the Eustachian tube, or directly by 
the blood stream. Predisposing causes are the presence of post- 
nasal adenoids, enlarged tonsils, and suppurative conditions in the 
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nose. Other causes of suppurative middle-ear disease are exposure 
to cold causing nasal and naso-pharyngeal catarrh and traumatism, 
acting from the side of the external auditory canal. 

The changes within the middle ear during an acute inflammatory 
attack are, swelling of the mucous membrane, and infiltration of the 
layers of the drum membrane with the products of inflammation — 
pus corpuscles and specific micro-organisms, etc. The mucous 
membrane becomes necrosed in places, and the ossicles and the 
internal t5niipanic wall become bared. The bone is also hyperaemic, 
and if the inflammation is very violent, necrosis of the bone may 
rapidly result. When the discharge persists, the immediate cause 
is generally caries or necrosis of the bone, in parts. Probably in 
acute middle-ear disease, the inflammation is never confined to the 
tympanum, but extends to the mastoid antrum, the mastoid cells, 
and even to the capsule of the labyrinth. The symptoms during the 
stage preceding rupture, and the amount of (Uscharge succeeding 
rupture of the membrane, are not compatible with the idea that only 
the small cavity of the tympanum is involved. The inflammation 
also extends outwards to the walls of the external auditory canal. 

The Symptoms attending acute middle-ear suppuration are : 
Acute pain over the side of the head, pain on pressure over the 
mastoid process, and on moving the auricle, deafness on the side 
affected, tinnitus, and giddiness. There is more or less fever, and 
there may be vomiting, delirium, and convulsions — these latter 
being commonest in children. There may be swelling of the soft 
parts, and enlargement of the lymphatic glands about the ear may 
take place. 

The pain is often very acute, is throbbing and sometimes 
spasmodic in character, and spreads over the whole side of the face. 
It is made worse by movement of the jaw, and by pressure of the 
auricle and the surroimding parts. In young children, restlessness, 
and crying and rolling of the head, or putting the hand to the ear, 
may be the only expression we have of the presence of such pain ; 
and in the absence of other ascertainable cause, these signs in a 
young child should always direct the practitioner's attention to the 
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car. That a t.iii.lii»..» «■ f ie uMi oi the nnstoid process ; the 

jpadaid aatnB at kaat, ud m anr caas Ifee whole of the mastoid 
^db, beag wwulw e j m the niddb-car il i lJinaMtinn The giddiness 
« doe to pieMUie ^^^^t**** on tbe hby iiiilj ame w^ through the 
nMmd and oval windows , and to bypenESBt oi the labyrinth and 
Its capsnle. The timiitas is doe to tbe suae canaes. The tempera- 
-tnre may reach 103° or 104' or even bi^Kr, especially in children, 
In whom also the profonnder s^inptoms of general disturbance are, 
as we have seen, best marked. 

On otoscopic examination, characteiistic agns are discovered. 
The walls of the eictemal aoditocy canal near the membrane may 
be reddened and swollen ; the membrane itself is reddened. In 
the nnlder cases this reddening is Afinse and miiform, of a pink 
or dusky red tint, bnt there is Kttlr or no bulging. If recover)- 
take place without perforation, the reddening lessens, may assume 
the form of radial streaks, and then disappear 'PlnU III, Figs. F, C). 
In more severe cases tbe reddening is more intense, the swelling 
■of the membrane and the iimer end of the canal more decided". 
Unless resolution now take place, bulging of the membrane occurs, 
most commonly in the p<«tero.saperior, or postero-inferior quad- 
rant. Patches of ecchymosis may be seen over the surface. Wl« 
inptnre occurs, the ptrforatian is oftenest in the lower baU of the 
membrane, either in the postero-inierior, or the antero-inieriar 
segment. 

With the occurrence of Perfontioa, all the symptoms imitogo 
aiMhoration. The pain lessens, and if the perforation be not too 
smaU for efficient drainage, may suddenly and entirely disapiiear ; 
the temperature falls, and unless there be extensive mastoid involve- 
roent, remains normal. In children, the delirium, vomiting, and 
other symptoms of general disturbance, disappear. The veitigD 

AtT"^ improve, and the deafness lessens. 

"^st the discharge is mixed with blood, but in a short time 
becomes purulent or muco-purulent. In some cases it lasts bat a 
'** ''b^' '" '^^"y others a week or two. In neglected cases it is 
apt to De continued as a chronic suppurative otitis media. In nearly 
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all cases in which proper treatment is carried out, the discharge 
can be stopped within a month, except where the initial symptoms 
have been so acute that the bony structures have become rapidly 
destroyed, as often happens after such diseases as scarlet fever. 

When perforation occurs, the diagnosis of its presence and 
its location is important. It is not easy to see a recent perforation. 
The tympanum is full of fluid, the perforation is small, and it is 
much commoner to see a drop of fluid oozing from a slightly distended 
segment of membrane, than to see the edges of the perforation 
itself. If the drop be wiped away, it is at once replaced by another. 
The drop pulsates, or if the perforation be large enough to 
let one see into the middle ear, the pus there pulsates synchronously 
with the rhythmical dilatation of the blood-vessels of the tympanum. 
If the patient practise Valsalva's experiment, a hiss, if the middle 
ear be nearly empty at the moment, or a series of bubbles if it be 
full of pus, intimates the fact of perforation to the listener. If 
mucu5 be present in the discharge, and there is a perforation, Siegle's 
speculum may be used to suck the pus out of the middle ear, and 
demonstrate the fact of perforation. Lastly, the probe may be 
used, either with its point bare, or covered with cotton. If it pass 
easily through a suspected part of the membrane, and strike the 
hard wall of the middle ear, the sensation given to the finger is quite 
different from that communicated by the intact resilient membrane. 
These tests, applied singly or in combination, will demonstrate 
a perforation wherever it exists. A modification of Valsalva's 
experiment may be tried. The auscultatory (diagnostic) tube should 
have one end placed in the external auditory canal of the suspected 
ear, and the other end should be submerged in a glass of water- 
When auto-inflation or Pohtzerization is practised, air bubbles rise 
to the surface of the water. This, which may be called the 
punctured-tyre method, demonstrates the perforation to all 
observers, including the patient himself. 

The Prognosis in acute middle-ear suppuration is good, if 
treatment be promptly begun and thoroughly carried through. 
The worst cases occur in connection with the exanthemata, and 
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^"ith such diseases as rir-btberia and fnflwnza Here, rapid and 
extensive destroctksi of tissae, including the mastoid process, ossicles, 
and labvTinthir?e cai>s:i?e — 50iz>etiines occurs. But it remains true 
that, even including these zases. thorough treatm«it of acute middle- 
ear suppuration is eeneraZv snccessful. and if it were 2lwBys carried 
out, chronic snpp-zLrar: :*- woTild be comparatively rare. When 
thorough tieatment ^^-'^ to stop discharge in four or six weeks, 
disease of the bone shoTL-d be s"2spected. 

Intracranial compncations are a very uncommon result of acute 
middle-ear disease : though a meningitis with metastatic abscesses 
may follow an acute otitis media Sf^ Case 8, p. 157). Acute 
mastoiditis and periostitis are not ver\- unconmion. In tuberculous 
subjects however the prognosis is bad. 







REATMEXT. — In the early stages, before perforation has taken 
place, even-thing should be done to caus^ rcs.Iuiion of the middle-ear 
'"^T^^^^^^on. and avoid perforation. The patient should be put 
to bed, a sparing hquid diet prescribed, and a smart calomel purgative 
given. An ice-bag may be placed on the side of the head, but if 
e pam be great, hot. moist compresses may be more grateful. 
maTt^^cT*^ tenderness be well marked, leeches may be put over the 
mas 01 process, or in front of the tragus, or both. 

resolution do not take place within two or three days, or if 
f . • ■ ^ "membrane be discovered by otoscopic examination, 
uito\he"b*?°'^ should be made by a paracentesis knife {Fig. 45) 
inferio -'"? P^rt ; or in the absence of bulging, into the postero- 

this otLr^^^"^^'^^ °^ ^^^ membrane. Whether pus exude or not, 
\fter th^^**^'^ cannot do harm, and may prevent serious consequences. 

ranal oJ'i^'^^^^^''^". a Hsht ?auze packing may be placed in the 
canal ana a Hrt.--,- & & r •- 

"dressing applied over the auricle. 
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The operation of Paracentesis of the tympanic membrane is not 
difficult, but it merits separate description. The largest speculum 
which will enter the external auditory canal should be chosen, and 
through it a local anssthetic should be painted over the tympanic 
membrane by means of a fine cotton-tip, A mixture of equal 
parts of cocaine hydrochlorate, pure carbolic acid, and menthol 
suffices. Then a sharp-pointed myringotome {Fig. 45) is introduced 
through the membrane in its postero-inferior segment, and made 
to pass downwards and forwards in a curved line, nearly parallel 
with the attachment of the membrane towards and into the antero- 
inferior segment. The whole thickness of the membrane should be 
cut. This Hne of incision clears the ossicles, avoids the chorda- 
tympani nerve, and its force is spent on the lower and posterior 
part of the hard wall of the promontory. It may cross the rim of 
the round window, but cannot enter it, as this opening points 
downwards and backwards, and only its edge can be scored by the 
point of the knife. Unless placed unusually far forward, the jugular 
bulb is in no danger of injury. In the absence of a proper para- 
centesis knife, a tenotomy knife will serve the purpose well. After 
the incision, the pus may be removed by dry cotton-tips, or, if 
necessary, by the syringe. In children Politzerizationj and in 
adults inflation through the catheter, may be used as a vis a tergo 
to evacuate the tympanum. 

Before performing paracentesis, the external auditory canal 
■should be rendered as aseptic as possible by antiseptic instillations 
(carbolic solution, peroxide of hydrogen, etc.), and subsequent 
thorough drying. After the operation, the pus should be removed 
by careful drying, often repeated, and if any nasal or naso-pharyngeal 
disease be present, care should be taken that no fresh infection be 
carried up the Eustachian tube by the instruments used for inflation. 

If a perforation exist, the situation or size of which renders it 
insufficient for draining the middle ear, a probe-pointed myringotome 
should be passed through it, and with a downward stroke, the 
membrane should be incised to its lower border. The indication 
for such an operation may be the presence of pain in spite of the 



occurrence of perforation, the bulging of the membrane into a cone, 
with a drop of pus oozing from its apex, or a small perforation placed 
so high up that thorough drainage of the middle ear is impossible. 

The subsequent treatment of the disease should be carried 
out daily by the surgeon ; or if the patient must be entnasted with 
the treatment, he should be directed to dry the canal thoroughly 
with aseptic cotton-tips, and not to use the syringe. For the more 
thorough cleansing of the ear, the surgeon may use an instillation 
of warm peroxide of hydrogen, to disintegrate and loosen the flaky 
pus which gets plastered against the sides of the canal ; then the 
canal may be gently washed with a weak solution of carbolic or 
boracic acid, and subsequently left quite dry. The approach of 
healing is intimated bv the lessening of the discharge, the diminution 
of mucus, and the disappearance of blood. Only when the discharge 
is very slight, is it wise to treat the case by insulations of a drv' 
powder, such as boracic acid. 

The case must be treated to a finish under the eye of the surgeon, 
and on no account should an acute middle-ear suppuration be 
allowed to drift into a chronic condition. The nose and naso-pharynx 
should be carefully attended to. Often, the ear disease has arisen 
from a previous nasal or naso-pharyngeal disease. In particular, 
post-nasal adenoids should be looked for and thoroughly removed. 
Suppurative conditions in the nose should be treated by warm 
alkaUne and antiseptic lotions. After the suppuration has ceased, 
gentle inflation should be practised till all trace of deafness has 
been removed, and any constitutional state (anjemia, tuberculosis, 
syphilis, etc.) which has favoured the development of the ear 
trouble, or might court relapses, should receive the attention of the 
practitioner. 

Chronic Mrddle-Ear Suppuration. — The usual cause of this 
common and dangerous disease is an uncured acute otitis media. 
when the latter has been neglected ; or, chronic suppuration becomes 
established when the original middle-ear inflammation has been so 
severe as to affect deeper structures, such as the ossicles, the inner 
tympanic wall, the tegmen tympani, or the mastoid cells. 





Chronic suppuration of the middle ear is dangerous both to 
hearing and to Ufe. And yet it is seldom so regarded by its victim. 
He becomes accustomed to the condition, regards it as a sHght 
nuisance, frets a little at the daily trouble of removing the discharge, 
but seldom treats it seriously, and hardly ever thinks he is in any 
danger. The importance, therefore, to the practitioner, of the 
diagnosis and treatment of tliis disease is all the greater, and his 
responsibility is correspondingly increased. 

Chronic middle-ear suppuration alters the structures within 
and surrounding the tympanum very profoundly. The normal 
mucous lining of the cavity becomes replaced by granulation tissue. 
This may line the whole visible cavity of the tympanum, or it may 
be massed towards the roof of the cavitv in disease of the attic, 
towards the postero-superior angle in disease of the aditus or antrum, 
or toward the floor or cellar, if the bone be affected in that region. 
It may arise from the neighbourhood of the Eustachian tube. This 
granulation tissue may prohferate so as to fill the inner end or 
the whole of the external auditory canal, and an aural polj^pus 
results. As a rule, a large part of the membrane is destroyed, and 
large perforations occupy the lower part of the membrane. The 
part of the membrane which longest withstands the destructive 
process is the upper part in contact with the ossicles, round which 
a rim is often left when all the rest of the drum-head has disappeared. 
The unsupported malleus handle is apt to become applied to the 
promontory, and to form adhesions there, whilst pus-filled pockets 
get more or less shut off towards the tympanic attic. The ossicles 
become necrosed, and their attachments loosened. One or all may 
be exfoUated, the incus most commonly, the malleus next in order 
of frequency, and the stapes least frequently. Thus the whole 
middle ear becomes emptied, and the entire membrane disappears, 
leaving a plain walled cavity (Plate IV, Fig. K). Did the necrotic 
process confine itself to the ossicles, healing would not be difficult at 
this stage. But the promontory, the tegmen tympani, the tegmen 
antri, or the bone in the substance of the mastoid process, often 
omes diseased, and the foundation of a mastoid abscess, of an 
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intracranial abscess, or of a sinus thrombosis, is laid. The advent of 
these complications may be long deferred, but they often come 
with all the suddenness of an explosion. 

Such a wholesale destruction or evacuation of the contents 
of the tympanum is quite consistent with the preservation of good 
hearing. If the fenestrae escape, and the stapes remain in position 
and fairly movable, the loss of the membrane and of the two larger 
ossicles does not involve great loss of hearing. Less serious with 
regard to life, but often more destructive of the sense of hearing, 
are such results as the fixation of the ossicles by fibrous bands, the 
loss of the stapes, and the growth over the fenestrae of firm 
cicatricial tissue. The remaining pieces of membrane are apt to 
become opaque and calcified, or if regeneration take place, the 
new tissue is a scar formation from which the normal layers of the 
membrane are absent. Cessation of the discharge may take place 
and a dry perforation may result, or the epithelium of the external 
auditory canal may creep over the edges of the perforation. Hue the 
middle ear, pass into the mastoid cells or attic, and produce a 
cholesteatoma. In many cases the discharge is very slight, so slight 
that the patient believes the ear to be dry, until the formation of a 
hard crust causes pain, or a thick epithelial plug sets up irritation 
which compels him to seek relief. 

In disease of the malleus a small perforation often takes place 
in Shrapneirs membrane. The rest of the membrane may be 
intact, the discharge so slight as to pass unnoticed; but a probe 
strikes the bare head of the malleus (Plate IV, Fig, E.), 

Such are the conditions present in a chronic middle-ear suppiu*- 
ation commencing in measles or scarlet fever, or arising out of an 
acute otitis media. The destructive processes are sufficiently 
extensive, but in tuberculous children the destruction of bone is 
even more extensive. The disease begins during the period of 
dentition, and may cause rapid necrosis in the mastoid and petrous 
portions. Sequestra form in the mastoid process, or the whole 
capsule of the labyrinth may be exfoliated. The Fallopian canal 
is often eroded or included in the necrotic mass of bone, and the 
facial nerve is destroyed. 



PLATE 



IV. 



KEY TO PLATE IV. 

Fi/^s, A, B. — Normal Tympanic Msmbramb. Pftle slate cokmr. or prchnwrnt aspeanuicr, 
lustre good ; the triangle or spot of Ught is seen to project downward from near the tip of the handle 

of the malleus. 

Fig. C— Small Pbrforation of Tympanic Mbmbrans. The ear la wettett at id^t, when the 
patient lies on the affected side, and the perforation is thus properly placed for drafaMge. 

Fig. D. — Hbalbd Pbrforation. There was a history of suppurative diseaaa dnrfaig childhood. 

Fig, E. — Pbrforation in Shrapnbll's Mbmbramb. Through the perforation the pnbe eaiily 
touches a necrosed ossicle— probably malleus. Healing followed vrithont operation. 

Ff^. F.— Pus Exuding from a Perforation in Tympanic Mbmbramb. The bead ia replaced 
immediately it is wiped off with a cotton-tip. and the membrane bulges a little. Alkor firae iadaiOD of 
the membrane, healing followed rapidly. 



Fig. C— Doublb Pbrforation of thb Tympanic Mbmbbanb. A. case of middle-ear 

suppuration of several months' standing. 



Fig. H.~ Multiple Perforation in thb Tympanic Membbamb. Noaearch ma made far the 
bacillus of tubercle, but there have been no painful symptoms, and there are other evidancea of the 
tuberculous tendency in the case. 

Ff'c. I.— Destruction of the Tympanic Membrane. Only a rim ia left. The handle of the 
malleus projects into the cavity of the tympanum. The internal tympanic wall is bare. Sopporation 

is slight, but has lasted for many years^since measles in childhood. 

F/i?. J— Destruction op the Tympanic Membrane, Scarlatinal Otitis Media. The whole 
membrane is gone except a small portion held by the malleus. The discharge is very slight, but the 
probe strikes the bare bone of the inner wall. 

Fig. K.— Destruction of the Tympanic Membrane, Scarlatinal Otitis Media. The 
tympanic cavity is empty of the membrane and ossicles. The dark depression is probably the 
fenestra rotunda. 

F/C. L— Granulation Masses in the Tympanic Cavity. These filled up almost the whole 
inner end of the external auditory canal. No membrane existed. After removal of the masses, 
healinj,' took place without the radical operation. A necrosed ossicle was extracted. 

Fig. M.— Granulation Masses in the Tympanic Cavity. There is no membrane. The 
masses recurred after removal. The radical operation will be required, or at least an ossiculectomy, 
for a necrosed incus can be made out. 

Fig. N. — Granulation Masses in the Tympanic Cavity. Discharge began after scarlet 
fever six years previously ; the upper and back mass was iound at the radical operation to project 
through the tegmen aniri, and to lie against the dura mater. 



The Symptoms of this disease are few and inconspicuous. 
Except some shght headache, which is more pronounced when 
retention of pus takes place, there is little pain. There is often 
itching in the external auditory canal, and in children this is apt 
to take the form of an eczema, which may affect the auricle, and 
side of the head and face ; and the glands about the neck are often 
enlarged. There is often tinnitus, but this is not constant, and it 
is never of the distressing character which makes chronic aural 
catarrh so unbearable. The hearing is variously affected. There 
is usually some dullness, but it is astonishing how much destruction 
of the membrane and ossicles may take place without great impair- 
ment in hearing. Both the tinnitus and the deafness seem to be 
greater, where cicatricial changes have bound down the ossicles or 
caused inward pressure of the foot-plate of the stapes. There may 
be perversion of taste if the chorda tympani nerve be involved, 
but though the facial nerve is often exposed, facial paralysis is 
uncommon unless in extensive caries or necrosis. 

The otoscopic appearances are very varied, as may be concluded 
from the great variety of pathological changes which have already 
been referred to. It may be difficult to discover any perforation. 
When it is quite clear that the lower part of the membrane is intact, 
and presents nothing or almost nothing abnormal, attention should 
be directed to Shrapnell's membrane. There, a very small perforation 
with very little discharge indicates to the observer where, by the 
help of a probe, he may discover caries of the malleus. A perforation 
high up and behind, similarly leads the probe, in many cases, to a 
diseased incus. But most perforations are in the lower part of the 
membrane, and here they may assume almost any shape, and may 
be single or multiple. Small perforations are usually circular in 
shape, and except in caries of the ossicles, are usually placed in the 
lower part of the membrane and surrounded by membrane. They 
may be multiple, and if the disease causing multiple perforations 
have been painless in its origin and course, a tubercular cause may 
be suspected. Small perforations may also be sUt-like when they 
occur at the edge of the tympanic membrane, near the tympanic ring. 
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Large perforations may be drco lar, bat when v€iy la^ 
shape is determined by the limits of the free meuibrane h 
thej' occur. The handle of the maOeixs often projects do^ 
into a large, otherwise circular perforation, and makes the 
of the latter kidney-shaped. The whofe membrane may h 
except that held in the grip of the maOeiis, this rcmaimD 
consisting of two crescentic portions pasang re^iertivdy bad 
and forwards to the upper part of the tympanic ring, and 
ponding to the anterior and posterior folds of the membrane, 
these may be gone, and if the malleus remain intact, its 
stands out in strong rehef in the otherwise empty tympanic 
or becomes apphed to the wall of the promontcny, where it i 
form adhesions. Lastly, the ossicles may be exfoliated, 
remaining parts so pulled up into the tympanic attic that 
cases of extensive destruction of membrane, the whcde t 
ca\nty seems empty, and otoscopic examination displays 
but the^red or pale granulation-lined internal ty^mpanic 
which the promontorv* can be mapped out, and a slight ^ 
the destroyed membrane can be detected at its periphery i 
tympanic ring "Plate IV, Figs. /, /.;. 

But the tympanum from which ossicles and membr 
thus disappeared may not be empty. It may be fi 
granulation masses. Even where much of the membran 
such masses may be detected \\'ithin the t\Tnpanic cavitj 
a large perforation. They may spring from any part of 
of the middle ear. The commonest source is either 
or the postero-superior angle near the aditus. But t 
spring from the cellar of the tympanum, or the region of th 
of the Plustachian tube in front, and they should always 
probe of the surgeon to their base in search of diseased b< 
IV, Figs, L,M,X,^. 

Having found the perforation, a probe should be passes 
it. There need be no hesitation about using a probe free 
middle ear. Under a good light no harm can be done 
this sinus should not have applied to it the valuable test o 



X^x-esent writer cannot see, although some aural surgeons hedge 

^E>xoceeding about with many conditions and precautions. If 

"^^^^re shut up to the use of one instrument in examining a case of 

' *^xxic middle-ear suppuration, he would lay down the mirror and 

^*^Xa.lum and take up the probe ; but he is not advocating the use 

^^*^ly one instrument. Under a good light, and with as large 

^t>«culum as the canal will admit, let the probe be employed 

^■'^Toughly. It may be used with a straight or with a curved tip, 

^^-^"t never with a sharp point. Practically, the only structure one can 

^■^"Ure is an exposed facial nerve, and a blunt-pointed probe will not 

,^^l\ire the nerve. The attachment of every granulation mass should 

^*^ tested, the ossicles should be tested, the curved tip should be 

^Vlrned upwards into the attic, upwards and backwards into the 

^ciitus ad antrum, and downwards into the cellar of the tympanum. 

*t is from these two first points that granulations generally spring, 

^nd at which polypi find their attachment, and here, in most cases 

of chronic middle-ear suppuration, the probe hitches against 

unhealthy bone. If a granulation mass be large enough to obstruct 

the view of the middle ear, and occupy the lumen of the external 

auditory meatus, it may be necessary to remove it before a diagnosis 

can be made. This will be more fully discussed under the heading 

of aural polypi. 

If discharge have ceased, a dry perforation may remain, and 
through this may be discovered by the speculum, the cicatrized in- 
ternal tympanic wall. Or, if the perforation have become closed by a 
cicatrix, the latter will present itself as a patch of altered colour, bluish 
and glistening, or whiter than normal, and apparently thickened 
(Plate I V, Fig. D). Whether the perforation be closed or not, whitened 
patches of calcareous material are often found in the remaining 
parts of the tympanic membrane. Cicatricial bands may bind 
down a perforated or a healed membrane to the promontory or to 
the ossicles. When the membrane is intact, inflation by Valsalva's 
method or Politzerization may be used to display the condition of 
the membrane. The non-adherent parts may sometimes be 
ballooned out, whilst the adherent parts remain tied down to the 
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Structures to which they are attached. Or, if the scar be not adherent, 
it may bulge more than the sounder parts of the membrane. In 
the same way Siegle's speculum may be used to ascertain the 
condition of the altered scar-marked but intact tympamc 
membrane. 

Prognosis. — If it be the case that this disease so often invohes 
the mastoid cells and tympanic attic, our expectations with regard 
to any treatment short of a radical operation will not be sanguine. 
These adnexse cannot be properly drained without free opening up 
of the bony recesses which compose them. On the other hand, 
if practically every case can be cured by the help of the radical 
operation, the prognosis and the treatment will be correspondingly 
modified. In giving a prognosis, the condition of these recesses 
is of the first importance. If the disease has lasted several years, 
and if it has originated in scarlet fever or measles, it is not likely 
that mere washing and drying, however thoroughly done, will effect 
permanent stoppage of the discharge. If removal of granulation 
masses be followed by their reappearance in spite of careful cleansing, 
it is almost certain that nothing short of a radical operation will 
effect a cure. On the other hand, if the disease has not originated 
in a virulent cause like scarlet fever or measles, and especially ii 
there be no granulation masses springing from the upper and back 
part of the middle ear, careful syringing and drying often end in 
cessation of the discharge. The mere striking by the probe of the 
bare internal tympanic wall, or of a necrosed ossicle, is not enough 
to warrant a bad prognosis. Such affection of bone at the 
anterior and lower part of this wall towards the upper end of the 
Eustachian tube is very common, and generally yields to proper 
treatment short of operation, and, in any case, no operation on the; 
mastoid would do anything to cure disease in this situation. Ba4 
odour of the discharge is of unfavourable prognosis. 

In young children affected with the dentition type of otitis, 
whether the destructive process be extensive or not, the disease is 
usually tubercular, and the prognosis bad. But even here the 
radical operation greatly increases the patient's chances of recovery,, 





and, unless tubercular disease be suspected elsewhere, a favourable 
opinion may be given as to the result of operative treatment. 

As long as discharge lasts, even to the slightest extent, the 
patient must be regarded as suffering from a condition which at 
any moment may seriously threaten his life. 

With regard to hearing, the prognosis should be guarded. 
Generally, the cessation of discharge is followed by improvement in 
hearing ; but as the deafness in this disease depends not on the 
amount of destruction of membrane and ossicles discovered by 
otoscopic examination, but on the amount of fixation of the stapes 
within the foramen ovale, and on the changes in the labyrinth itself, 
the amount of the improvement cannot be predicted. 

Treatment. — The indications for treatment are : (i) The 
complete removal of all the products of inflammation from the 
suppurating cavity ; (2) The thorough drying of the suppurating 
cavity ; (3) The dressing of the suppurating cavity ; (4) The 
prevention of re-infection of the healing or healed cavity. 

1. Cleansing and drying the Tympanic Cavity. — The middle ear, 
when diseased, is an ideal breeding-chamber for any micro-organisms 
which have reached it. There is a uniform temperature, and there 
is plenty of moisture. One cannot alter its temperature, but the 
external auditory canal forms a patent sinus through which the 
tympanum can be cleansed and dried. Were the latter a plain 
walled cavity, without pockets and recesses, and did the tympanum 
not pass at right angles into the attic and into the mastoid antrum, 
drying, and drying alone, would be a sufficient means of cleansing 
it. But the emptying of an attic or an aditus ad antrum filled with 
pus and cheesy masses, by means of cotton-tips, however skilfully 
used, is impossible. So that in many cases the use of lotions as 
ear-baths or by the syringe is a great advantage, and if thorough 
cleansing is to be effected, an absolute necessity. On the other hand, 
there is no doubt that the syringe is often used by the patient, and 
sometimes by the surgeon, when it does no good and may do harm. 

2. Drying of the Suppurating Cavity. — When the perforation 
is small and the discharge is sHght, as in the smalt perforations in 



embrane, thorough drying of the external auditory 

u tnpanic membrane, with the subsequent insufflation 

Jl a dry powder Uke boracic acid or aristol, is the best treatment. 

cases do not require to be dressed often. A crust grows over 

perforation, and in a week or a fortnight, or when caking of the 
powder and discharge causes pain, by the pressure of the resulting 
dry crust, the crust may be removed by a sterilized cotton-tip, and 
the drying and insufflation repe; ' ' Or if this be difficult or 
painful, a warm solution of perox f hydrogen instilled into the 
ear or used with the syringe, v I ach the crust and make its 
removal easy. Under this treatment he necrosed ossicle (malleus) 
may gradually become healthy, the discharge stop, and the perfora- 
tion heal, unless a cholesteatomatous mass exist in the tympanic 
attic. 

The same treatment can be carried out in the tympanic cavity 
through a large perforation, or where no membrane exists at all. 
But if the attic or the aditus ad antrum be filled with pus, drying 
alone will be insufficient. In these cases some form of intra- 
tympanic syringe {Figs. 30, 31, page 89), the nozzle of which can 
be directed upwards or backwards in the direction of the pus-filled 
pockets, is very useful. Siegle's speculum, too, may be helpful in 
sucking discharge from these recesses. 

Any granulation masses occupying the middle ear, or projecting 
into it from surrounding recesses, should be removed, either by a 
cold wire snare, a small curette, or some form of biting forceps. 
Curetting the attic, however, is not unattended by danger. If a 
granulation mass project from the attic, its attachment may be 
through a perforation in the tympanic tegmen to the dura mater. 

3 Dressing the Tympanic Cavity. — Except after an operation, 
where serous discharge and bleeding are copious, or in cases where 
there is hardly any discharge at all, the wearing of a long cotton 
wick or a packing in the middle ear, should be avoided. Such 
dressings soon become saturated with pus, and form a good soil for 
the generation of micro-organisms. .A.fter careful dressing and drying 
of the drum cavity, the outer end of the external auditory canal 



should be stopped by a small piece of sterilized cotton-wool, which 

may be renewed from time to time, or removed so that cleansing 

may be repeated. Re-dressing should be done as soon as discharge 

begins to fill the inner end of the meatus. On no account should 

discharge be allowed to trickle to the outer end of the meatus, else 

L an eczema may be set up, and the middle ear may be infected from 

J without by a more virulent type of micro-organism. The patient, 

kif he must be entrusted with the dressing, may test his ear by means 

lof a clean cotton-tip to ascertain when re-dressing is necessary ; 

• the surgeon must satisfy himself by examination with the mirror 

land speculum. 

If such dry treatment be not followed by improvement and 
I ultimate healing, various medicaments may be tried. Powders 
[.containing iodoform and boracic acid often set up a serous discharge 
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Ifrom the middle ear, or cause a violent eczema. When used, powder 
should be introduced by means of an insufflator {Fig. 46). Probably 
boracic acid has held too high a place in the estimation of most 
aural surgeons for the last twenty years. Its action should always 
be watched, and the drug, whether as powder or in solution, be 
withdrawn when eczema or profuse discharge has followed its use. 
I The instillation of alcoholic solutions often lessens discharge and 
promotes healing, when associated with careful cleansing and drying. 
But the alcohol should be thoroughly applied. The ear having been 
leansed and dried, the patient must, either by Valsalva's or PoUtzer's 
nethod, have the upper part of the Eustachian tube emptied, and 
he additional discharge removed by means of a cotton-tip. With 
he head inclined to the sound side, the affected ear has 5 to 10 



drops of rectified spirits of wine instilled into it, and for ten or 
fifteen minutes the patient must let this soak into the ear, Valsalva's 
inflation being used several times with the head thus inclined and 
the spirit occupying the external auditory canal. The patient then 
raises his head, and empties the excess of spirit from the meatus, 
and the surgeon may re-dry the ear before applying the cotton 
plug. 

From time to time during such treatment as has been indicated, 
exuberant granulation masses may have to be removed by snare 
(Fig. 38), curette, or forceps (Fig. 47). It is much better to deal 
with these growths thus, than by a caustic or by the galvano-cautery. 
It is difficult to limit the area of action of caustics and of the cauten'. 
If, however, a caustic be used, perhaps chromic acid is the best. 




F/f. 47,— Hartmann's Shaqi Spoon Forceps. 



It can be appUed accurately by means of a fine cotton-tip, and its 
action can be instantly stopped by a solution of bicarbonate of 
soda. 

A mild form of the caustic treatment consists in giving an 
ear-bath to the whole tympanic cavity, consisting of a 5 per cent 
solution of nitrate of silver, the solution being kept in the ear five to 
ten minutes, and then washed out with sterilized warm water. 
This treatment is only fitted for large perforations, through which 
all the albuminate of silver formed can be thoroughly removed by 
the current of water, and it should not be repeated before the eschar 
or scab formed has come away. Any stains left on the side of the 
face by the silver solution should be wiped off by a solution of iodide 




' of potash. After three or four such applications of this silver 
treatment, Pohtzer secures heaUng in some obstinate cases of 
granulation lining of the middle ear, which do not heal by the dry 
method or by the alcohoUc treatment. 

As an adjunct to cleansing by the external auditory canal, 
washing out the middle ear through the Eustachian tube may be 
tried. Any weak antiseptic solution can be employed. Much of the 
fluid used passes into the pharynx, a few drops only, as a rule, making 
exit by the external auditory canal. Probably Politzerization, 
associated with syringing and careful drying of the middle ear in 
the ordinary way, is as efficient as this method of treatment, and it 
is less disagreeable to the patient. 

Such treatment — in the absence of urgent symptoms — should 
be continued for a long time, and before success is attained the 
patience of both patient and practitioner may be severely tried. 
A long list of remedies will suggest themselves. All kinds of 
antiseptics, stimulants, and astringents have been employed. 
Boracic acid, iodoform, peroxide of hydrogen and alcohol, and 
nitrate of silver, have been mentioned. CarboUc acid, salicylic 
acid, formalin, sulphate of zinc, tannic acid, sulphurous acid, and 
other remedies have been tried, and successes have been reported 
as the result of their use. But the desire to possess such a variety 
of remedies is an evidence of weakness, not of strength, on the part 
of the practitioner. It is the thorough cleansing, the careful 
drying and dressing, and the intelligent appreciation of the causes 
of failure, which make for ultimate success in the management of 
chronic suppuration of the middle ear. 

4. Prevention of Re-infection of the healing Cavity. — The man- 
agement of the external auditory canal has already been alluded 
to. In addition to the drying out of the canal with sterilized 
cotton-tips, the auricle should be scrubbed occasionally with 
methylated ether, so that the surroundings of the healing wound 
may be as nearly aseptic as possible. All cotton-holders should 
be sterihzed after use by passing their ends through the flame of 
t spirit lamp, and all aural specula, forceps, etc., should be carefully 





sterilized by boiling. Otherwise, not only will healing not proceed, 
but attacks of acute otitis media and externa will mar the history 
of the case. But re-infection takes place also from the throat. 
The naso-pharynx, the Eustachian tube, and the nose and throat 
require attention. The removal of post-nasal adenoids often 
permits the healing to take place which cannot be brought about 
by a succession of astringent lotions, or even by the most careful 
toilet of the middle ear by the practitioner. The same remark 
applies to enlarged tonsils, to inflammation of the pharynx, and to 
chronic rhinitis, all of which conditions are attended by infection, 
which readily spreads up the Eustachian tube to the ear. At the 
same time the use of alcohol and tobacco in any form should 
be interdicted. These, by setting up or keeping up a reddening 
of the fauces, do harm, and render secondary affections of the middle 
ear more probable. 

The general health of the patient must not be forgotten. 
Tonics, change of air, and other general measures have their uses 
in the management of this, as in all other chronic suppurations. 
but the careful local treatment is of the first importance. The 
writer once met an Englishman in Switzerland who hoped to return 
to London free from an aural discharge, which in the meantime 
had become extremely fetid, and for the local treatment of which 
his medical attendant had scarcely given his patient even a hint. 
Cure was expected to follow the change of air ! 

Operative Treatment. 
When healing does not follow this careful treatment of the 
middle ear, some part of the bony walls of the tympanum, or 
an ossicle, is diseased, or there is retention of the products oi 
suppuration in the mastoid process. How long are we to wait 
before proposing operation ? Various terms have been set for 
this less heroic treatment, ranging from a year or more down to 
three months or less. Assuming that the patient puts himself 
entirely in our hands, we should propose operation as soon as we 
have proof that a careful toilet of the middle ear has not been 



followed by satisfactory improvement. In particular, if granulation 
masses have been removed, and have reappeared, no more time 
should be wasted over preliminary treatment. There are two pro- 
cedures, which offer themselves to the surgeon for the cure of these 
cases of obstinate middle-ear suppuration : firstly, ossiculectomy ; 
and secondly, opening up the tympanic attic, or mastoid cells, or 
both. The latter operation will be discussed in the next chapter ; 
I but the operation of ossiculectomy may be described here. 
■ Ossiculectomy. ^The operation of ossiculectomy in chronic 
Pmiddle-ear suppuration differs from that indicated when the mem- 
brana tympani is intact, in several important particulars, these 
latter varying according to the changes produced in the middle ear 
by the suppurative process. Little of the tympanic membrane may 
be left, and the ossicles, or what remains of them, may be so retracted 
into the tympanic attic that their discovery is not easy, and their 
removal difficult. On the other hand, the disease may be solely 
or chiefly in the attic, and the ossicular attachments there may be 
so loosened as to render removal easy. One or more of the ossicles 
may be absent, either in whole or in part, or the heads of the malleus 
and incus may be fixed or ossified into one mass. The incus is 
most commonly diseased, and most commonly exfoliated. Lastly, 
the ossicles — usually the long process of the malleus — may have 
formed fresh attachments to the structures within the middle ear, 
and removal may be rendered difficult from this cause. The plan 
of the operation in chronic middle-ear suppuration must therefore 
vary according to the diseased conditions present, and great care 
must be taken not to break ossicles which are already diseased, 
and thereby rendered brittle. 

The parts in this disease have been rendered hypervascular, 
and the operator must count on greater difficulty from bleeding 
than when the operation is made on an intact membrane. Usually, 
it is wise to detach the malleus from its strong anterior and external 
attachments, by a sharp-pointed knife introduced in the direction 
of the attic. When the bleeding from this incision has ceased, under 
the influence of pressure by a cotton tampon, or with the additional 



help of adrenalin chloride, the remaining part of the membrane 
must be dealt with. If the perforation be large, the incus present, 
and the incudo-stapedial articulation visible, this ossicle may be 
disarticulated. But the incus is often absent, oftener diseased 
even when present, and the joint may be involved in the disease. 
So that what remains to be done before extraction by forceps, is to 
complete the detachment of the membrane behind and in front of 
the incision already made into the tympanic attic. This is 
done, either by entering the perforation with a probe-pointed 
knife, and cutting round the margins of the membrane, first 
upwards and forwards, and then upwards and backwards, till the 
circle of the incision is complete, or by beginning at the incision 
above and ending with the perforation. The malleus is then seized 
just below the short process, with a crocodile forceps or a Sexton's 
forceps (see p. 159) and dragged first downwards and then outwards. 
The incus must now be carefully searched for with the help of an 
incus hook, and if present removed (see p. 159). It may be already 
displaced towards the antrum, or the manipulations of the operator 
may cause this displacement. Further, it may be attached by 
ossific processes to the malleus. All this must be borne in mind 
in drawing conclusions about an incus which has not been found. 
Before dragging on the malleus with the forceps, it is well to make 
sure that the handle of this ossicle is free from the promontory, 
and if it is not, to divide by an angular knife any cicatricial attach- 
ment which has been formed in this situation. 

Such is the operation for removing the malleus and incus in 
inveterate suppuration of the middle ear. The stapes is usually 
left, both in this operation and the more radical mastoid operation. 
But the cario-necrotic process is not usually confined to the ossicles. 
The promontory is often affected, the margin of the tympanic ring 
near the aditus almost as often.tand patches of diseased bone 
sometimes exist in the cellar of the tympanum and at the upper 
orifice of the Eustachian tube. Such limited cario-necrotic patches 
must be dealt with along with disease of the ossicles. The edges 
of the tympanic ring in the upper and back part of the tympanum 



(external attic wall) may be removed, either by sharp spoons or by 
the punch forceps. The latter instrument is the better, and bites 
away the softened bony edge, thus giving better access to the attic 
and aditus during subsequent treatment (see Fig. 48). 

The ossicles may be removed after the method of Stacke, which 
will be described in the next chapter, along with the mastoid 
operation. If the disease for which the ossicles are to be removed 
involve also the tympanic ring and the 
tegmen tympani, Stacke's method is much 
the more suitable. It gives access to the 
attic and antrum, both of which are under 
the eye of the operator, and is safer than 
the application of curettes to the tegmen 
tympani. The principle of Stacke's opera- 
tion is, that by removal of the inner end of 
the post ero-su per ior wall of the bony 
meatus, the attic and aditus are exposed, 
and the ossicles removed by the post- 
auricular wound, the making of which is a 
necessary preUminary to the operation on 
the bone. 

Ossiculectomy, as a means of curing 
suppuration, is followed by better results than the same operation 
performed for the improvement of hearing and the cure of subjective 
auditory sensations in non-suppurative middle-ear catarrh. But 
it has a limited application even in chronic middle-ear suppuration. 
The mere removal of the ossicles is not a procedure attended by 
any danger, but the caries which renders the removal of the ossicles 
a proper surgical procedure, is generally not limited to these bones, 
but affects also the external attic wall, the aditus ad antrum, and 
the tegmen tympani ; and the most thorough, as well as the safest 
operation for such a condition, is not the removal of the ossicles via 
the external auditory canal, but the radical mastoid operation, 
during which all the diseased structures are exposed to the surgeon's 
jfye, and can be thoroughly examined and safely dealt with. It is 
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a significant fact that, after the radical mastoid operation, iKe 
superior and posterior aspects of the wound, that is, the parts 
towards the aditus and the tympanic attic, nearly always heal, 
whilst after an ossiculectomy these are the parts which continue 
to give trouble. It is certainly neither a safe nor a scientific 
procedure to attempt to cure by ossiculectomy disease of the attic, 
one evidence of which is the sprouting of granulation masses from 
the tegmen tyrapani. The curette used in removing such masses 
from the attic is apt to do harm instea 1 of good. This subject 
will be discussed when considering the m istoid operation and the 
indications for performing it {see Chap. VlII). In the meantime it 
may suffice to indicate the conditions warranting ossiculectomy, and 
thus to set the Umits for its performance. Ossiculectomy in chronic 
middle-ear suppuration is indicated in the following conditions : — 

1. Caries of the malleus or incus, with loss of the greater part 
of the tympanic membrane, in cases where there is no evidence of 
involvement of the mastoid antrum. 

2. Perforation of the membrane of Shrapnell, with a high 
degree of deafness, even if the tympanic membrane be otherwise 
intact. Here, the deafness indicates that the disease is more 
extensive than the mere perforation would lead one to expect, and 
removal of the ossicles may stop suppuration and cannot fmiiier 
damage hearing. On the other hand, if hearing be good, the disease 
according to Politzer is generally limited to the external attic wall, 
and the treatment should be conservative. 

3. In Cholesteatomata of the attic, where the ossicles obstruct 
the discharge, or render the cleansing of the attic by the intra- 
tympanic syringe impossible. 

On the other hand, if granulation masses project from the 
tympanic roof, and especially if these recur after removal, ossicu- 
lectomy is not a sufficiently radical operation. 

It is so seldom that one can absolutely exclude mastoid 
involvement in obstinate middle-ear suppuration, and the mastoid 
operation is so safe, and so certain to remove the risks of future 
intra-cranial complications, that, in all cases where any doubt f---^- 
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as to the condition of the mastoid antrum, the radical operation 
should be preferred if the consent of the patient can be obtained. 
It is of course assumed that, before ossiculectomy is proposed as a 
means of curing middle-ear suppuration, one of two conditions is 
present : either that all less radical means have been patiently 
tried and have failed, or that it is clear that less radical means are 
useless. In the presence of urgent symptoms, ossiculectomy is 
only a waste of time, and the radical mastoid operation should be 
done at once. 

Artificial Membrana Tympani. — When suppuration has ceased, 
if hearing be so deficient that the patient can only conduct his 
business with difficulty, an attempt may be made to improve his 
hearing by the application of some form of the so-called artificial 
membrana tympani. 
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Ftj^, 49. — Yearsley's Artificial Membrana Tympani and Forceps. 

In 1841 an American merchant communicated to Dr. Yearsley 
of London, the fact that he was able to improve his hearing 
temporarily by the application to his middle ear of a spill or small 
roll of paper. Yearsley acted on the hint, and substituting 
moistened cotton-wool for paper, applied the so-called artificial 
membrane which bears his name (Fig. 49). In 1853, Toynbee 
used a disc of rubber, fixed to the end of a fine wire by which the 
disc could be introduced into the middle ear. Other modifications 
of these appliances have been tried, but it seems more important 
to indicate the principle on which they all act, than to describe 
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every variety of them. Probably they never operate quite similarly 
to normal membranes. They are not stretched membranes, and 
cannot vibrate like tense membranes. Probably they act in two 
ways. They carry sound-waves to the structures (ossicles) next 
the internal tympanic wall, and they support those structures, and 
restore to some extent the normal conditions of tension at the 
foramen ovale. 

In practice, one can seldom predict the effect on hearing of 
the application of an " artificial membrane " within the middle ear. 
The writer's best results have been in cases of large perforations, 
where the ossicles, and particularly the stapes, are exposed, and 
where through the perforation a small cotton pellet could be placed 
against the unsupported ossicle. Several trials may require to 
be made with regard to the size and position of the pellet, before 
the best result is reached. A little practice makes the patient more 
expert than the surgeon in the application of the pellet, but at first 
it should be worn only for a few hours at a time, and it had better 
be removed at night. As a rule, the cotton pellet acts as well as 
the rubber disc, and it is less liable to set up subjective noises, and 
is otherwise better borne by the patient. Before application, the 
cotton pellet should be moistened by a weak antiseptic solution or 
by parolein. A thread about an inch and a half long is attached 
to the pellet to facilitate its extraction. It is introduced by a pair 
of forceps, as shown in Fig. 4g. 

If discharge increase under the cotton pellet, it must be removed 
and its use discontinued. 



AURAL POLYPUS. 

Reference has been made to the need — both in thorough 
examination and in treatment— for removing granulation masses 
which, in cases of chronic middle-ear suppuration, spring from 
the tympanic cavity. When such a mass not only fills the drum 
cavity, but pushes itself outwards into the external auditory canal, 
it is called an aural polypus. 

On the possession by the practitioner of sound views as to the 
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nature of aural polypus, depends in every case his success in dealing 
with the ai^ection, and in many cases, his power to save the Ufe of 
his patient. If he regard the growth as merely a thing to be 
removed, and when it recurs — as it is almost sure to do — to be 
removed again, he will have no real success in his work ; and 
connected with one of his attempts at removal, or during one of 
the seemingly quiescent periods after removal, acute symptoms will 
occur which may carry off his patient. On the other hand, if he 
regard the polypus merely as an accident in the suppurative process, 
and its removal merely as the preliminary to the more thorough 
treatment of the cause in the middle ear, his treatment of the 
polypus will meet with real and final success, and the risk to his 
patient will be greatly lessened, or disappear altogether. 

An aural polvpus, then, is a granulation mass, springing from 
the walls of the middle ear or the external auditorv canal, projecting 
into and taking the form of the canal, and varying in composition 
from a soft, mucous, almost gelatinous mass, to a firm fibrous 
growth. The growth may be so long as to project at the outer end 
of the meatus, and this projecting part may be dry, and covered 
with a pale, skin-like layer composed of altered epithelium. The 
deeper parts within the canal are usually moist, and bathed in pus. 
The attachment is commonly pedunculated, so that the whole 
growth is pear-shaped, the apex being inwards towards the middle 
ear. In structure, aural polypi are either round-celled, or they are 
fibromata, and between these, various gradations occur. The 
surface of the polypus is often indented or lobulated like a gland, 
and in the interior, cystic or other degenerative changes may occur. 
Tubercle bacilli have been found within the substance of aural 
polypi. The soft, round-celled polypi may grow rapidly ; the 
polypi into which fibrous tissue enters largely, grow much more 
slowly. 

Polypi may be single or multiple, large or small. Generally 
they spring, either from the upper and back part of the middle ear. 
or the imier tympanic wall ; most commonly the former. They have 
usually the significance of a granulation mass near or in any other 
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sinus, viz., that caries or necrosed bone exists in the vicinity. If 
a mastoid abscess have burst into the external auditory canal from 
the border cells, a polypus may originate at the mouth of the resulting 
sinus; but unless this, or some other similar suppurative focus, exist 
within the canal, the origin may be sought for within the middle 
ear. It is not always easy to determine the point of origin, but 
a probe, passed between the growth and the wall of the canal, will 
in most cases indicate the attachment of the pedicle. It should 
be remembered that a granulation mass or polypus may have its 
attachment, through an erosion of the tegmen tympani, to a diseased 
dura mater. 

The Symptoms of aural polypus are not conspicuous. Unless 
the growth hinder the exit of pus, and cause retention, there is no 
pain. The discharge is often profuse and sometimes fetid. There 
is deafness, of course — the deafness due to the causative disease in 
the middle ear, plus that due to the obstructing mass in the meatus. 
Tinnitus is often a result of polypus. 

The Prognosis is not that of the polypus, which is easily 
removed, but that of the middle-ear suppuration, which it may be 
impossible to remove except by radical operation. It should 
therefore be guarded, and should be accompanied by the advice 
that mere removal of the growth itself is not likely to end in cure. 

The Treatment of aural polypus is immediate and thorough 
removal, followed by treatment of the suppurative process in the 
middle ear, until all discharge has ceased. 

The best means of removal is the cold wire snare {see Fig. 38), or 
a pair of narrow-bladed forceps. The point of attachment having 
been determined by means of a probe, the forceps should be passed in- 
wards, and the growth grasped as near the neck or pedicle as possible, 
when by a twisting or screwing movement the growth will be brought 
away entire. Or if the snare be used, a loop, small enough to pass 
through the lumen of a large speculum, should be passed over the 
growth, and gradually inserted as far towards its attachment as 
possible, when, by tightening the loop, severance at the neck takes 
place. The loop often comes away without the growth, but if the 



neck have been cut, a current of water from the aural syringe will 
float the growth into the receiving vessel. Bleeding after removal 
of aural polypus is free, but does not last long. Still, it is often 
necessary to suspend the operation at this point, and deal with the 
stump, or other smaller growths, at a second sitting. 

The removal of smaller granulation masses is best effected by 
the curette, or by such instruments as Hartmann's sharp spoon 
forceps {Fig. 47). These instruments, accurately and skilfully used, 
remove even the smallest growths, and do not, like caustics, leave a 
necrotic mass behind to delay and complicate healing. If, however, 
a mass present itself which cannot be removed by instruments, it 
may be touched with chromic acid or other similar caustic. 

All these operations on granulation masses are rendered easier 
for the surgeon and less painful for the patient, if a strong solution 
of cocaine have been previously instilled, or if the parts have been 
previously touched by the cocaine-menthol-carbolic mixture. For 
the control of bleeding, one of the preparations of suprarenal capsule 
may be used just before the operation, or a pressure-plug of cotton 
may be worn for a few minutes. After the operation, a small ear 
packing should be inserted, until the stage of bleeding and serous 
discharge is over. The subsequent treatment is as for chronic 
middle-ear suppuration. Preparations containing alcohol probably 
tend to prevent recurrence, and shrivel the stumps of masses which 
have been removed. 

TtBERCtLOSIS WITHIN THE TEMPORAL BONE, 

During the preceding description of middle-ear suppuration, 
reference has been made to the disease as occurring in association 
with certain constitutional states, such as tuberculosis and the 
infectious fevers. Both the symptoms and the pathological changes 
in these forms of middle-ear suppuration are distinctive enough 
to warrant a special notice. 

Tubercle of the middle ear may be either primary or secondary. 
The latter is probably much the commoner of the two sets of cases, 
but recent investigation seems to point to the conclusion that 
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primary tuberculosis of the middle ear is much commoner than has 
been hitherto supposed. When the disease is secondary to tubercu- 
losis in other parts of the body, phthisis pulmonalis is usually the 
primary condition. Such cases are of course commonest in adults, 
and in these, the destructive processes within the temporal bone 
are much less extensive than in the tuberculous middle-ear 
affections of children. Of course, all middle-ear suppurations in 
phthisical patients are not tuberculous. In children, post-nasal 
adenoids are probably a common cause of tuberculous middle-ear 
suppuration. Milligan found that sixteen per cent of the post- 
nasal adenoids he examined were of a tuberculous nature. In the 
poorly-fed, badly-housed children of large cities, middle-ear tuber- 
culosis is apt to appear during the period of dentition, to progress 
rapidly, to destroy large parts of the temporal bone, to cause 
paralysis of the facial nerve, and to cause enlargement and ultimate 
breaking-down into pus of the lymphatic glands surrounding the 
ear. 

The results of tuberculosis on the temporal bone and its contents 
are very marked. The membrane rapidly breaks down in one or 
in several places. If the perforations are multiple, they soon 
coalesce and destroy almost the whole of the membrane, the ossicles 
become necrosed, and their Ugamentous attachment loosened, so 
that they are readily exfoliated, in whole or in part. The walls of 
the tympanic cavity and those of the mastoid antrum and cells 
become eroded, the mucous membrane being lost ; large portions 
of the temporal bone become necrosed and form sequestra ; the 
dura mater over the tegmen tympani and tegraen antri may be 
exposed and the mastoid process become reduced to a friable shell ; 
pus bursts out most readily on the surface of the mastoid process, 
and sinuses result. Sinuses also form readily on the internal 
tympanic wall, and the internal ear may become involved. Cora- 
pared with the extent of the destructive process, the intra<ranial 
structures are implicated with comparative rarity. Meningitis is 
the most common intra-cranial complication. 

CUnically, the features of temporal bone tuberculosis are, the 



rapid destruction of the tympanic membrane, the enlargement of 
the glands about the ear and in the neck, the occurrence of facial 
paralysis, which happens in about half the cases, and the presence 
of a Uttle discharge, which may either be thin in character and of a 
creamy colour, or may be mixed with curdy masses, and may have 
a bad smell. The hearing may be very greatly damaged, and if 
there be involvement of the internal ear, bone conduction is greatly 
reduced. On the other hand, there is hardly ever any pain — a 
feature of the disease which, when the extent of the destructive 
process is considered, is very remarkable, and which explains how 
this disease is so often overlooked or thought hghtly of. 

If the mirror and speculum be used in the early stages of the 
disease, before perforation has occurred, the tubercular character 
of the case may be indicated by grey tubercle nodules being seen 
through the membrane. If the perforations have taken place, but 
the resulting necrotic areas have not coalesced, several perforations 
may be seen corresponding to such nodules. Later, the appear- 
ances are those of very extensive destruction of the tympanic 
membrane, and the probe strikes the bare internal tympanic wall 
(Plate IV, Fig. H.\ 
. The Diagnosis is not difficult when the disease occurs in a 

I young child, and is accompanied by facial paralysis, enlarged glands, 
Fand a history of the absence of pain. But in other cases it may be 
necessary to search for the tubercle bacillus, or even to perform 
inoculation experiments before a diagnosis can be made. The 
bacillus is not easily found in the pus, for other micro-organisms 
soon enter the field, the infection becomes mixed, and the newer 
microbes gain the upper hand. The discovery by the probe, 
however, of extensive bony involvement without the history of an 
acute disease .like scarlet fever or measles, and the absence of a 
history of pain in the ear, should make the surgeon suspect a 
-tubercular pause, even if the surrounding glands be not involved, 
land the facial nerve be sound. If these two signs are added to 
Ithe cUnical' picture, the case hardly admits of a doubt. 

The Prognosis is bad if there be tuberculosis elsewhere ; fairly 
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good if the disease be limited to the tempwral bone. Even if the 
dura mater be exposed, almost the whole of the temporal bone in 
its petrous and mastoid portions necrosed, and the facial nerve 
paralysed, recovery may follow thorough operative treatment. 
Much depends on the general health of the patient, and on the 
treatment of the case by good food and fresh air after the operation. 
The Treatment, in cases suitable for operation, consists of 
the evacuation of all punilent collections of pus from the glands 
round the ear, and, either at the same time or at a later date, the 
opening up of all the cavities of the temporal bone, as will be 
described when treating of the mastoid operation. In advanced 
cases of phthisis, with secondary involvement of the middle ear, 
operation should, if possible, be avoided. In children, post-nasai 
adenoids should be removed if they are present. 

EAR DISEASE IN THE ACtTE INFECTIOUS FEVERS. 

This will come to be discussed in connection with acquired 
deaf-mutism, which is so often due to the infectious fevers. It 
may be noticed he-re, that the suppurative conditions which have 
been considered in this chapter, are of a more vicious type and less 
amenable to treatment than when such specific causes are absent. 
The tendency to destruction of the bone is great in the middle-ear 
suppurations which accompany the infectious fevers. On the other 
liand, the acute mastoiditis which follows scarlet fever is very 
amenable to surgical treatment. It is chrontdty which is to be 
teared here, as in other middle-ear suppurations. 

The ear discharge which accompanies this type of disease is 
capable of carrying the specific infection for a very long time. In 
a case of the author's in which he performed the mastoid operation 
for an acute mastoiditis following scarlet fever, the ear discharge 
proved to bejinfectious in the thirteenth week after the onset of 
the disease, long after desquamation from the surface of the body 
was finished. 
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INJURIES TO THE ORGAN OF HEARING. 

When the ear is injured, more than one of its divisions may 
suffer, so that it is convenient to consider injuries to the organ of 
hearing in one place. The auricle may be injured either by blows 
or by pulling on its substance. Blows cause abrasions and blood 
tumours ; pulling may injure the auricle, or may tear the tympanic 
membrane in its upper and posterior part, which is continuous with 
the skin of the inner end of the external auditory canal. 

The external auditory canal is often injured by pins and other 
sharp bodies which are used for picking the ear. The inflammation 
thus set up may spread to the bony walls of the canal, to the inner 
end of the canal (tympanic membrane), or to the mastoid cells. 
Attempts to remove foreign bodies by means of sharp instruments, 
even when carried out by skilful hands, may cause injury to the 
walls of the external auditory canal, perforation of the tympanic 
membrane, and the driving of the foreign body into the middle ear. 
The aural syringe, when used with soda or other alkaline solution, 
becomes slippery to the fingers, and unless provided with a prominent 
edge, rings, or projecting crutches, the barrel may slip suddenly 
from the fingers, and the point of the nozzle may injure the walls 
of the meatus, or may even perforate the tympanic membrane. 
Falls upon or severe injuries to the lower jaw, may fracture the 
anterior wall of the external auditory canal. 

Injuries to the tympanic membrane and structures within 
the middle ear may occur in various ways, viz. : (i) From blows 
on or about the auricle ; ^.g., that of a fist to the side of the head, 
or of a hammer to the mastoid process ; (2) From the penetration 
of a sharp body through the membrane via the external auditory 
canal ; e.g.^ the driving of a crochet pin into the ear ; (3) From the 
sudden condensation of the air in the inner end of the external 
auditory canal by a loud sound occurring near the ear ; e,g, , the 
firing of a cannon ; (4) From the extension of a fracture ot the base 
oi the skull through the roof or anterior wall of the tympanum and 
through the tympanic membrane. 

13 
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the weakest part of the petrous portion — -from the jugular foramen 
across the tegmen tympani et antri. 

The effect on hearing of traumatic rupture of the tympanic 
membrane is not usually great. When great deafness results, and 
is permanent, haemorrhage into the labyrinth has probably occurred, 
and the usual hearing tests will differentiate the condition. Unless 
bleeding into the labyrinth has occurred, all the symptoms soon 
begin to pass off, and the perforation tends to heal. 

The Treatment of traumatic ruptures of the membrane is by 
rest and quiet, and the avoidance of all local applications of a moist 
kind. The canal may be gently cleared of excess of blood, and a 
sterilized cotton plug should be left at its outer end ; but the syringe 
should not be used, no solution should be dropped into the ear, 
and insufflation of powder is not at all necessary. Healing takes 
place as a rule, without suppuration, but if this latter should occur, 
it must be treated on the lines already laid down. 

If intra-cranial or Intra-labyrinthine damage be suspected, 
rest in bed must be insisted upon, and the possibility of a meningitis 
due to infection from without, borne in mind. When coma 
passes off and danger to life seems over, the deafness, tinnitus, and 
giddiness must be treated, as will be indicated under labyrinthine 
hjemorrhage (s« Chap. X). 

From the number of cases which come before the practitioner, 
it seems still necessary to protest against the practice of boxing the 
ears by the teachers of children. In those who have had suppura- 
tion of the middle ear, even slight injury of this kind is sufficient 
to re-estabHsh the discharge. Practitioners should avoid the too 
violent use of the Politzer bag in cases in which the tympanic 
membrane has been weakened or thinned by disease, as the membrane 
in such cases may not only be ballooned out, but ruptured from 
. the side of the middle ear. 

Caisson 0i8ease.-^Sudden changes of air pressure result in 

listressing symptoms referable to the ear, sometimes in bleeding 

and from the middle ear, and occasionally in permanent 

afness. Such symptoms are experienced in their milder forms 





Chapter VIII. 

COMPLICATIONS OF MIDDLE-EAR SUPPURATION. 

Special conditions attending Suppurative Inflammation within th« T-» , 
Bone-Acute Mastoiditis-Chronic Mastoiditis-Indications for OnZT^? 
Mastoid Process-The Mastoid Operation-ManagemS.r^ thj ^H^^' 
the Mastoid Operation-Skin Grafting-Stacke's Operation-^!^^ ^r " 

S«\nrNitr "'°" -^''^ '' ''' ^-*°^^ Operation-Ch^^tSf 

Those complications of middle-ear suppuration which occur within 
the tympanic cavity, have been already noticed. Such are aural 
polypus, granulation masses, disease of the tympanic ossicles 
and cario-necrotic processes of the walls of the cavity. But it is 
not within the tympanum that the most serious complications of 
this disease occur. When neighbouring structures are attacked 
the attack is delivered most commonly in one of two directions— 
upwards towards the middle fossa of the skull, or backwards to- 
wards the mastoid antrum and cells. The movement in the 
mastoid process may be but a step in a more serious attack on 
the contents of the posterior fossa of the skull, the cerebellum and 
the sigmoid sinus. Occasionally, too, the labyrinth is attacked 
from the side of the middle ear. Here again is a channel by which 
at a later date, the posterior fossa of the skull may be reached by 
an inflictive process —the internal auditory meatus. 
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The Attack on the Mastoid Process. — In acute suppuration 

of the tympanum, the mastoid cells are often if not always involved. 
There is tenderness to pressure over the mastoid process, and pain 
folt over the side of the head, but felt with greater severity in the 
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mastoid process. When the abscess in the middle ear bursts, the 
mastoid pain is reheved. The amount of discharge is often great 
— out of all proportion to the capacity of the middle ear — and in 
many cases represents the secretion of the aditus ad antrum. 
The communication between the tympanum and mastoid antrum 
.is often short, direct, and wide ; sometimes narrow and easily 
blocked. Little wonder therefore need there be, that infection 
:passes towards the antrum. But the mastoiditis — if it may be 
iso called -which accompanies acute suppuration of the tympanum, 
does not usually last. Unless the micro-organisms causing it 
be of a very virulent type, or unless the aditus be so narrow as to 
make drainage difficult, there is no reason why it should last. 

It is otherwise, however, when the mastoid cells are extensively 
involved, when thp drainage by the aditus is obstructed, or the 
opening in the membrane is too small. Then an acute mastoiditis 
may result. The nature of this mastoid inflammation will be 
determined not only by the conditions above indicated, but by the 
virulence of the micro-organisms present in the causative condition, 
e.g., scarlet fever, diphtheria, influenza, etc. During a chronic 
middle-ear suppuration the advent of acute symptoms may be due 
to the blocking of the aditus either by a cheesy or a granulation 
mass ; hence lessening or cessation of the middle-ear discharge 
may coincide with the onset of the acute symptoms. A middle- 
ear suppuration may cease, the perforation in the membrane heal, 
and at a later date the retained products in the mastoid cells may 
become active and give rise to a mastoiditis, which though really 
secondary seems to be primary. True primary mastoiditis, apart 
from injury to the mastoid process, is very rare. 

Acute Mastoiditis.— The Symptoms are those of pus under 
pressure within hard bony walls. There is constant or remitting 
pain, made worse by pressing with the thumb or finger over the 
mastoid process. The pain under pressure may be worse towards 
the tip of the process, or over its centre ; it is often localized at a 
spot. There is usually fever; high in children, and accompanied 
by vomiting, convulsions, and general disturbance, but in adults 





not necessarily high, unless meningeal irritation be present or a 
sinus infection be in progress. As the surrounding parts become 
involved the soft tissues over the mastoid process become oedematous, 
brawny, red, and greatly thickened, and the ear stands out almost 
at right angles from the side of the head (Fig. 50). The aspect 
of the case, when the surgeon examines from behind the head of 
the patient, is very striking, and when it is present, the projecting 
auricle and cedematous swelling are of great diagnostic value ; 
but it should not be forgotten that pus may exist within the 
mastoid process without causing any apparent alteration in the 
overlying soft parts. By the help of 
the speculum, the postero-superior 
wall of the external auditory canal, 
or the postero-superior quadrant of 
the tympanic membrane, may be 
discovered to show bulging ; but. 
as with tumefaction of the external 
parts, these pressure signs some- 
times discoverable with the mirror 
and speculum, may be absent, and 
yet the mastoid process may con- 
tain pus. 

The course of an acute ma&- 
/■i^. ;o.— Mastoid Periostitis. toidltis depends, in the early stages, 

on that of the acute otitis media 
of which it forms a part. If naturally, or by paracentesis, free 
drainage from the middle ear can be got, and if pus do not 
already exist in the mastoid cells, resolution takes place rapidly ; 
but if the drainage be insufficient, and especially if there be 
present at the same time the more maUgnant micro-org:an- 
isms — as in scarlet fever, influenza, etc. — an abscess witliin 
the mastoid process will form. Even then absorption of the 
pus may take place ; but a commoner result is destruction by 
a cario-necrosis of the substance of the mastoid process, the 
formation of granulation masses, and the rupture of the abscess 



the surface of the mastoid process. Next in order of 
frequency is perforation of the postero-superior wall into the 
external auditory canal ; and the least common perforation is 
towards the median surface of the mastoid process into the digastric 
groove (Bezold's mastoiditis). Only occasionally does an acute 
mastoiditis of recent origin extend into the cranial cavity and 
give rise to a meningitis, a sinus thrombosis, or a brain abscess ; 
but the writer has seen it do so without pain in the mastoid process, 
or any objective mastoid sign of any kind. 

Mastoid Periostitis.— Should perforation of the shell of the 
bone occur, the pus dissects up the periosteum from the bone, a 
sub-periosteal abscess is formed, and fluctuation is added to the 
other signs present. Should this abscess perforate the soft parts, 
a probe introduced bv the point of rupture will, with some care, 
be made to enter a sinus in the bone itself. 

Sub-periosteal abscess may, however, arise apart from per- 
foration of the external surface of the mastoid process. In 
children the squamo-mastoid suture is a pus-channel by which 
infection reaches the periosteum, and the smaller blood-vessels 
which pass from the surface of the mastoid process through the 
supraspinous fossa, form constant channels of infection. Further, 
in middle-ear affections, and even in such affections of the external 
auditory canal as furunculosis and diffuse otitis externa, pus may 
pass backwards, dissect up the periosteum from the bone, and form 
a collection on the surface of the mastoid process. 

The symptoms of mastoid periostitis are those of an acute 
mastoiditis, plus the physical signs due to the changes in the soft 
parts. The former are pain and fever ; the latter a characteristic 
swelling and displacement of the auricle, best seen, when fully 
developed, from behind (Fig. 50). At first the soft parts over the 
mastoid process are thickened, swollen, and oedematous, but do 
not fluctuate; the auricle projects a httle more than normal, and 
the skin over the mastoid process is reddened a little, and thrown 
into longitudinal folds. Later, after pus forms and fluctuation 
i added to the signs, the auricle projects very markedly outwards 
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: skin, projection of the auricle, and the formation and rupture 
of abscess, just as has been described in the acute disease. Fever, 

diness, vomiting, and other symptoms may also be present. 
With the speculum a more extensive destruction of membrane is 
seen than in recent acute mastoiditis. Granulation masses often 
project from the upper and back part of the drum cavity. Pus 
may be seen to trickle from this neighbourhood or, if there be no 
fluid discharge, cheesy debris may sometimes be washed out of 
the attic and aditus by the current directed from an intra- 
tympanic syringe. If the abscess have burst through the border 
cells into the external auditory canal, a swelling like a boil may be 
seen on the soft parts there, or if these latter have yielded before 
the pressure of pus, a sinus will exist through which the probe 
^, will detect the diseased bone. 

The commonest situation for spontaneous rupture of an abscess 

■ formed during the course of a chronic mastoiditis is the external 
■surface of the process. Rupture into the external auditory canal 
|is fairly common, into the digastric groove rare, but commoner 

■ than in acute mastoiditis. Erosion of bone between the cranial 
Icavity, and infection of the intra-cranial contents, is much commoner 
lin chronic then in acute mastoiditis. 

Diagnosis. — During the acute attacks which occur in the 
Bcourse of a chronic mastoiditis the diagnosis is pretty easy, but 

■ between these acute attacks, and in those latent cases in which 
Ino acute symptoms occur, the diagnosis is difficult. Even where 

■ the patient has never complained of pain in the mastoid process, 
lit may sometimes be elicited by the ftrm pressure of the thumb. 
J When it is thus elicited its presence is an important positive 
I sign, but its absence does not negative the diagnosis of pus within 
Ithe mastoid process. Still, pain is an important symptom, and 
Jits presence, or the tenderness which is elicited by pressure, may 
Ibe the only indication for an operation which, if postponed, may 
\ have to be performed for an established brain complication. 

The following case illustrates this point. Three years ago, 
E during the writer's holiday, he was sent for to see a girl then eleven 



years old, who had been seized with acute pain in the mastoid 
process. In his absence a mastoid abscess was opened by another 
practitioner. In December, 1903, the girl was brought to the 
writer with headache, referred to the side which had been operated 
on. There was tenderness over the mastoid process. Within twenty- 
four hours her first menstruation appeared, and all headache left, 
but the tenderness to pressure remained. Otoscopic examination 
showed a very tiny perforation of Shrapnell's membrane, from 
which the smallest quantity of evil-smelling discharge could be 
removed on the tip of a cotton probe. On the strength of the 
single symptom of pain on pressure, the operation proceeded. The 
first chip of the chisel revealed pus under the surface of the mastoid 
process, the periosteum of which was however quite adherent. 
The surface of the bone was quite normal, and quite unmarked 
by any former operation on the bone. When the wound in the 
bone was widened, the purulent mass was found to be so nearly 
sohd that it could be shelled out almost unbroken, and to occupy 
the whole mastoid process from the tegmen antri to the tip of the 
process. The communication with the upper part of the tympanic 
cavity by the aditus was very narrow. The bony wall between 
the posterior mastoid cells and the sigmoid sinus was quite absent, 
and the latter was exposed for nearly an inch in length and half 
an inch in breadth. The radical operation was completed, the 
posterior meatal wall split, the mastoid wound stitched, and 
complete healing of the large cavity in the mastoid process took 
place in about five weeks. 

Tenderness to pressure over the mastoid process in the course 
of a chronic middle-ear suppuration may exist, although no collec- 
tion of pus be within the antrum or cells. In cases of sclerosis 
of the mastoid process this pain often exists, and is due doubtless 
to the changes within the substance of the bone itself ; similar 
indeed to the pain produced in a syphilitic node. 

In the absence of pain on pressure, evidence of the presence 
of pus within the mastoid process may be got by the discovery of 
a sinus in the external auditory canal communicating with the 
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mastoid cells, or by the help of Siegle's speculum, or an intra-tym- 
panic syringe, a large quantity of pus or of cheesy material may 
be removed from the upper and back part of the tympanic cavity. 
This sign has been already noticed, but it has a special significance 
in cases of latent mastoiditis. Another guide of importance in 
these latent cases is the recurrence of granulations after careful 
removal from the upper and back part of the tympanic cavity, 
or from the tympanic roof. Percussion and auscultation of the 
mastoid process have been advanced as a means of determining 
the nature of its contents. 

Percussion is carried out in the usual way. Mastoid auscultation 
is practised in the following way. An ordinary rubber tube, such 
as is used in making an auscultation tube, or such as forms part of a 
bin-aural stethoscope, is furnished at one end with an ear-piece to 
fit the ear of the surgeon, and at the other with a small metal or 
vulcanite terminal, shaped like an aural speculum. This latter is 
placed over the antrum of the suspected mastoid process, and, 
while the surgeon listens, a tuning-fork is sounded on the top of 
the head or on the bridge of the nose of the patient. A pus-filled 
antrum is supposed to modify the sound which passes through it, 
so that it differs from that arriving at the surgeon's ear through 
an air-filled antrum, and thus gives evidence of diagnostic value. 
Two such tubes may be used at once if the surgeon can trust his 
ears to be alike, or one tube may be used and alternately placed on 
the two mastoid processes of the patient. 

Although a study of the physical conditions present would 
lead one to expect definite and accurate information from this 
method, in practice it is not often of value. The writer took a 
series of skulls and excavated the mastoid process on one side, leav- 
ing the other intact. Into the excavated mastoid he then in one 
skull ran molten lead, in another some marmalade, and into a third 
he put some cot ton- wool. The results were not definite enough 
nor uniform enough to make him expect much of mastoid aus- 
cultation as a means of diagnosis. On the other hand, in a case of 
Bezold's mastoiditis on which the writer operated lately, a definite 
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result was obtained. In this condition the mastoid cells are 
diseased down to the tip of the process^ and abscesses are present 
amongst the muscular planes on the side of the neck. In the case 
in point the sound was decidedly greater at the tip of the affected 
mastoid^ but not increased over the antrum, and the operation 
showed the antrum to contain little or nothing, whilst the cells 
towards the tip were filled with inflammatory exudation. Probably 
extended application of this test will define its position and value ; 
but in the meantime it should be used only as an auxiliary, and 
one can hardly see that in any case it will be of such importance 
as to enable the surgeon to decide on a line of treatment without 
the most careful consideration of the other facts of the case. The 
mastoid antrrnn may be so small and the other cells so few that, 
though they be so hopelessly diseased as to render operation neces- 
sary, no auscultatory difference can be detected ; and it is probable 
that the skull, which may be called the sounding-board in the 
experiment, is so large with regard to the cavities of an ordinary 
mastoid process (the resonating chamber in the experiment) that 
uniformly rehable results cannot be counted on. 

The Prognosis in acute mastoiditis is good, if the causative 
disease be of recent origin, and if free drainage can be got from the 
middle ear on the one hand, and the pus-filled mastoid cells on the 
other. Time has not elapsed in these recent cases for the occur- 
rence of cario-necrotic erosion of the tegmen tympani et antri, 
or of the bony wall separating the sigmoid sinus from the mastoid 
cells, so that intra-cranial complications are rather rare. 

In chronic mastoiditis, on the other hand, the prognosis should 
always be guarded, especially if it is necessary to interfere during 
the occurrence of pain and fever. These symptoms may mean 
intra-cranial infection already in progress. But the prognosis is 
good so far as life is concerned, if operative interference be carried 
out during a period of quiescence ; and if cario-necrosis of the 
tympanic walls does not exist, it is likely also that cessation of 
discharge will in time occur. 

Treatment. — In an acute mastoiditis of recent origin, an attempt 
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should be made to anticipate impending pus-formation within the 
mastoid process, by opening the bulging tympanic membrane in its 
postero-superior quadrant, or by enlarging any small perforation which 
already exists. If the case be in its very early stages, cold may be 
applied over the mastoid process by means of a Leiter's coil. Later 
on, great benefit may be got by the application of leeches to the 
mastoid process, or to the face in front of the tragus. If discharge 
be very profuse it may have to be removed by syringing, a warm 
sterile salt solution or a weak antiseptic lotion being used. A 
deep incision behind the ear over the mastoid process, carried 
through the periosteum down to the bone— called a Wilde's incision- 
will, if pus have not already formed in the mastoid cells, influence 
the case favourably just as leeching does, but it must not be allowed 
to take the place of an incision in the membrane for the establish- 
ment of proper drainage, nor the place of the operation on the 
bone itself. In addition to these local measures, general treat- 
ment should not be neglected. The patient should be kept in bed, 
and perfect qutet be insisted upon by his nurse. Diet should be 
fluid, and for the most part cold or cool. A smart calomel purge 
followed in a few hours by a sahne, should also be administered. 

In a mastoid periostitis with pus-formation, or even oedema 
and swelling which has not yet gone the length of pus-formation, 
free incision down to the bone is the only measure worth consider- 
ing. Even this is, as a rule, only the first step to a more extensive 
operation on the bone itself ; but it mav be wise to defer the latter 
for some days, to permit of the subsidence of swelling of the soft 
parts. Such postponement is, however, only justifiable, if there 
be no acute symptoms indicating the need for immediate operation 
on the bone. 

In chronic mastoiditis there is much less scope for non- 
operative treatment, and almost the only reason for continued 
treatment without operation, is doubt that the mastoid antrum 
and cells contain pus. Granulation masses and polypi should '^be 
removed by snare or scraper, any necrosed ossicle taken away, 
and the fluid discharge or cheesy masses extracted by suction or 
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intra-tympanic syringing. In the absence of acute symptoms 
there is no Umit to the time over which such treatnient may be 
spread ; but if granulation masses recur, if discharge from the 
attic or antrum does not diminish, and particularly if attacks of 
pain occur in the mastoid process, there is no reason for postpK>ning 
indefinitely the opening of the mastoid process. During the 
course of such treatment the conviction will grow upon the obser- 
vant surgeon, that his task without opening the bone is a ho{>eless 
one. It is convenient here, however, to tabulate the Indications 
for Opening the Mastoid Process. 

1. In Acute Mastoiditis. — Broadly speaking, these are the 
failure of the palliative and expectant treatment already described 
to produce resolution of the mastoid inflammation. If, after two 
or three days, failure attend less heroic treatment, operation should 
be carried out at once. In particular, the persistence of high tem- 
perature or the occurrence of rigors, indicate the need for immediate 
operation. The absence of mastoid pain or of tenderness on 
pressure, should not deceive the surgeon and lead him to hope for 
a good result by waiting longer. In the meantime, a meningitis 
or a sinus phlebitis may be in progress, and the only hope for the 
patient is the removal of infective material from the mastoid cells. 

2. In Chronic Mastoiditis the following are indications for 

operation : — 

(a) The recurrence of granulation masses in the attic or antrum 
in spite of continued treatment by cleansing. 

(b) The recurrence of painful acute attacks in the mastoid 
process during the course of a chronic middle-ear suppuration. 

(c') Fever, vomiting, and other symptoms indicative of 
meningeal irritation, occurring during a middle-ear suppuration, 
even if there be no pain or tenderness of the mastoid process. 

(d) A sinus over the mastoid process, and the discovery by 
the probe of cario-necrotic processes within the substance of the 

bone. 

(e) The removal by suction or by intra-tympanic syringing 

of pus, cheesy masses, or epidermic debris from the attic or antrum, 
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and the inability on the part of the surgeon to bring about cessation 
of such discharge by prolonged careful treatment. 

(J) Foetor of a middle-ear discharge, and the discovery of cario- 
necrotic spots within the cavity of the middle ear. 

(g) Retention of pus within the middle ear, due to narrowing of 
the external auditory canal, or to exostosis almost closing its lumen. 

Whether in a middle-ear suppuration, without definite proof 
of the presence of pus within the mastoid process, but in which 
careful treatment continued over a long period has failed to stop 
the discharge, the surgeon should propose the mastoid operation, 
is a difficult question about which to lay down any general rule. 
The surgeon whoj^has patiently carried out the palliative treat- 
ment is best fitted to give advice in the particular case before him. 
Often there will grow up in his mind a conviction that nothing but 
a radical operation will succeed ; and this conviction cannot be 
set aside as valueless, even in the absence of reasons which cannot 
be easily defined. Before deciding, there will come before his mind 
on the one hand, the many cases of middle-ear disease, some of 
them having occasional attacks of pain in the mastoid process, which 
have lasted many years or even half a life-time without causing 
the death of the patient ; and on the other, the not uncommon 
case of the same disease, which without any mastoid pain or other 
warning symptom, has suddenly blazed out into a meningitis or 
sinus thrombosis, and carried off his patient before his eyes. Truly 
the owner of a chronic mastoiditis sits on the edge of a volcano. 
Looking to the safety of operative interference on the one hand, 
and the risk attending an uncured middle-ear suppuration on the 
other, it can hardly be said that the attending surgeon has 
done his duty by his patient unless he give the latter the chance 
which operation offers. 

THE MASTOID OPERATION. 

There are various operations on the mastoid process, and that 
adopted in any particular case must depend upon the object the 
surgeon has in view, and the local conditions present. But, as the 
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plan and extent of the operation have in many cases to be decided 
after the contents of the mastoid process have been displayed, it 
is convenient to treat the mastoid operation as an evolution from 
the simple to the complex, and consequently to deal with it as a 
whole, and to describe it in one place. As this specific evolution, 
happening daily in the individual case, is a repetition of the 
historical evolution of the radical or complete mastoid operation, 
it will be well to look shortly at the history of the mastoid 
operation. 

History of the Mastoid Operation, — The mastoid process was 
first opened surgically about the middle of the eighteenth century. 
For over a hundred years the importance of this procedure was 
little appreciated, and no advance towards the more thorough 
methods of the present day was made. 

In 1873, Schwartze, of Halle, first performed the operation by 
which the mastoid cells are made to communicate with the middle 
ear. This must be considered the most important development 
in the evolution of the mastoid operation, for two reasons. It 
removed immediately, and in many cases permanently, the pent-up 
septic material which, unless removed, must sooner or later give 
rise to serious comphcations ; and it made subsequent evolution 
of the operation itself certain. 

In 1889 Kuster laid the basis of the modern radical mastoid 
operation. He proposed to remove the posterior wall of the bony 
meatus, so as to expose fully all the affected cavities of the middle 
ear and mastoid process. Stacke proposed to reach the afiected 
cells within the mastoid process by chiselling away the inner end 
of the posterior meatal wall, and thus reaching the antrum after 
having opened up the attic. 

Combinations of these methods may be adopted, but the 
principle underlying all modern methods is, that by removal of the 
posterior meatal wall, the external attic wall, and of all overhanging 
ledges and diseased partitions within the mastoid process itself, 
all the cavities involved— the tympanic cavity, the tympanic attic, 
the mastoid antrum, and all communicating cells— are reduced to 
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one smooth-walled bony cavity, so shaped and drained that rapid 
and final healing of the wound will take place. 

There are three grades or stages of the mastoid operation. 

1. The opening of the mastoid abscess, and the removal of 
any diseased bone or cell contents, such as pus or granulations. 

2. The opening of the mastoid process, and of the mastoid 
antrum, the bony partitions towards the antrum being thus removed. 

3. The radical operation in one of its forms, by which the 
tympanic cavity, the tympanic attic, the aditus and mastoid 
antrum, are reduced to one smooth-walled cavity, of as simple a 
shape as possible. This operation involves the removal of the 
posterior wall of the meatus, the outer wall of the attic, and of all 
bony ledges which overhang the antrum. 

Which of these operations he will perform the surgeon cannot 
always fix beforehand, but the findings during the earlier stages 
will determine his further conduct. 

Instruments and Preparation. — The following instruments are 
necessary for the 'mastoid operation. A strong medium-sized 
knife ; a sharp-pointed and a probe-pointed bistoury ; a pair of 
dissecting forceps ; several pairs (six or eight at least) of pressure 
forceps; a periosteal elevator ; a large rake-like flap retractor ; a right- 
angled retractor for the external auditory canal ; several chisels 
and gouges (^- to J-inch broad) ; a curved dressing forceps ; a 
narrow sinus forceps ; a short hammer with a heavy leaden head ; 
several pairs of aural or crocodile forceps for catching the ossicles ; 
needles and sutures ; bent and curved probes ; a Stacke's guide 
or protector for the facial nerve ; several small scrapers or sharp 
spoons ; a pair of bone forceps for biting away overhanging edges of 
bone (see Fig. 56) ; and a series of iron wire cotton-holders for drying 
out pockets in the bony wound. In addition, a set of electrically 
driven burrs should be at hand. These are used for smoothing bony 
walls and shaping the mastoid cavity after chiselling is finished. 
The writer sometimes uses a guide or protector for the facial nerve, 
which differs from that of Stacke. The beak of the guide, instead 
of being prolonged in the direction of the handle, is turned outwards 
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at an angle of about 30° with the handle. This modification 
necessitates a right and a left guide, but it is easier of introduction, 
and during its use the hand of the assistant lies on the neck of the 
patient and does not hide any facial twitching (Stereogram XXVII), 

On the day before the operation the hair near the mastoid 
process, or indeed over the half of the head, should be removed 
by a razor, and the skin should be thoroughly cleansed with soap 
and water, followed by methylated ether. Likewise the external 
auditory canal should be thoroughly cleansed, dried, and plugged 
with a sterilized gauze ribbon. A sterilized dressing should then 
be apphed to the side of the head, and should not be removed till 
the time of operation. 

The Operation. — An incision is made from the tip of the 
mastoid process, parallel with and about a quarter or an eighth of 
an inch behind the attachment of the auricle, and is made to curve 
forwards in its upper part to a point near the upper end of the 
attachment of the auricle to the side of the head. All along its 
length, except at the upper part, which is curved forward, the knife 
must pass through the periosteum, and lean on the bone itself. The 
bleeding is apt to be profuse, but the bleeding points can be caught 
temporarily by pressure forceps. Next, a periosteal elevator is 
made to strip the periosteum forwards and downwards, till the 
postero-superior wall of the external auditory canal is laid bare. 
This must be done carefully, and at first not too deeply, in case the 
inner end of the cartilaginous meatus with the attached tympanic 
membrane be injured. The periosteal elevator may then be made 
to strip the periosteum backwards, but unless the incision have 
been made quite close to the auricle, not much periosteum has to be 
raised in a backward direction. The edges of the wound thus 
made in the soft parts are now kept apart by three- or four- 
pronged retractors, and the surface of the mastoid is exposed, with 
the following land-marks : The supra-meatal or Henle's spine, the 
supra-spinous fossa, the postero-superior wall of the bony external 
auditory canal, the linea temporalis or supra-mastoid crest, and 
the flat surface of the mastoid process — the planum mastoideum. 



The surgeon must now define for himself what his objective 
is — the opening of a collection of pus in the substance of the mastoid 
process, generally due to a recent acute mastoiditis ; the finding 
of the mastoid antrum ; the opening of the tvmpanic attic ; or the 
thorough laying together of all the recesses in the mastoid process 
and those in the middle ear. 

For the mere opening of the mastoid cells, in a case of recent 
acute mastoiditis, a few chips with the chisel and hammer are often 
Sufficient. These are applied just behind the external auditor}' 
meatus, on the flat part of the mastoid process. The writer at one 
time used a perforator for searching the mastoid process. It con- 
sisted of a piercing point with a shoulder an eighth of an inch from 
the tip, and with it he found pus within the mastoid, and even 
found the mastoid antrum, with great rapidity. Although no 
accident occurred in over a hundred applications of this instrument, 
he has almost given up its use, because, in the event of its being 
used in a case where the sigmoid sinus bent very far forwards to- 
wards the external auditory canal, damage to the sinus might occur. 

If a sinus already exist in the bone, entrance to the abscess 
cavity must be sought through this opening. Having found the 
abscess cavity, widening must be carried out by means of chisel 
and hammer, or better still, if the bone be not too hard, by means ot 
the sharp spoon. The friable diseased partitions between the mastoid 
cells yield easily before moderate pressure. Granulation masses, 
too, are easily e\'acuated in the same way. Great care, however, 
is necessarj' in proceeding backwards, in case the sinus be injured, 
and the probe or the searcher (//. Fig. 51) should be constantly 
in the hand of the operator, for use in testing any suspicious- 
looking object. Merely laj-ing bare the sinus wall does no harm, and 
has the advantage of telling the operator something of the condition 
of the vessel and its contents. Accidental puncturing of the vessel, 
especially before its environment has been cleared of pus and other 
diseased products, is an accident of the most serious nature. Wth a 
bent probe, the mastoid cells should be searched towards the tip of 
the process, and also in an upward direction towards the antrum. 



No diseased cell should be left unablated, and the scraper should 
be used in every direction until resistant healthy bone is reached. 

Opening the Mastoid Antrum. — -If the previous examination 
of the case has determined the surgeon to open the mastoid antrum, 
and if no sinus on the surface of the mastoid process or in the 
postero-superior meatal wail gives him a lead towards this cavity, 
he must depend on the anatomical landmarks already described 
{p. 213) for guidance of his movements. If the membrane in its 
upper and back part have been destroyed, if the incus be necrosed 
or have been exfoliated, a probe with a short right-angled bend 
(a fourth of an inch from its tip), or a Stacke's guide, may be hooked 
into the aditus ad antrum, and the situation, and sometimes even 
the size of the antrum, indicated with precision. But if the opera- 
tion be in any degree exploratory in its character, and particularly 
when — as in a case where both ears are affected — it is desirable 
not to damage the hearing, it is better not to introduce instruments 
into the aditus via the middle ear, until the extent of the disease 
within the mastoid process has been ascertained. The antrum 
must therefore be sought from the external surface of the mastoid 
process. 

This is done by chipping the postero-superior meatal wall 
with sharp chisels and gouges, beginning above and behind the 
spine of Henle (the supra-meatal spine), and proceeding inwards 
to the necessary depth till the antrum is discovered. The supra- 
meatal spine is to be included in the bone removed. Above, the 
line of chiselling must not pass the supra-mastoid crest. Behind 
and towards the tip of the mastoid process, the wound must be 
widened, in order to make manipulations in the forward and deeper 
part of the bone wound easier, but in these directions — ^behind and 
towards the tip- — the sides of the bone wound should shelve towards 
the surface, so that the sigmoid sinus may not be injured. Some- 
times the antrum is large, and found near the surface of the bone ; 
often it is small and so deeply placed as to suggest to the surgeon 
that it has been obhterated or is absent. But this conclusion 
should not be readily accepted by the operator. Except in one 





tf ier operations, where the antrum was certainly 

in v.. .ere he lacked courage, the writer has never failed 

ei ; mastoid antrum. 
search! for a small, deeply-placed antrum in an eburnated 
process, the operator needs both faith and boldness. If 
I the hooked probe into the aditus, and proceed slowly along 
postero-superior raeatal wall, he will be rewarded. The chief 
^er in this progress is lest the chisel wound the facial nerve, | 
:h lies in the lower and interr >f the mass of bone form- ' 

ory canal. It is therefore 



. of bone which must be 
1; is the upper part of the 
wall, which may be safely 



; posterior wall of the e: 
u r and external part oi in 
ovea by the chisel. In other wi 
sterior meatal wall, and the outer 
removed. 

Once the antrum has been found, tl ; hooked probe should be 
made to enter it through the mastoid v iind, and its limits should 
be defined. In particular, the distance d the tegmen antri above 
should be measured, and that backwards to the sinus wall should 
also be estimated. The ledges of bone overhanging the antrum 
above and behind should now be removed by the chisel, and all 
spaces which can be discovered in the bone towards the tip of the 
mastoid process must be opened up, if they are suspected of 
containing pus. 

Should the surgeon now wish to complete the Radical Mastoid 
Operation, he must turn his attention to the remaining bridge 
of bone, which separates the mastoid wound behind from the middle 
ear and external auditory canal in front, .\fter having thoroughly 
opened the antrum, and ablated all diseased cells and pockets 
wittun the mastoid process, this bridge may still form a considerable 
tmckness of bone. It contains in its lower and inner aspect the 

Sore" be" '""■ ^^'""^ '^"^ ^^^ ^^"'^^ "^'^^- '^^^ ^'"^^ ™"^* 
With Th h^i ^^\ *" '*^ upper half towards the tympanic attic. 
th rirL d^ffi ^u^ measuring bent probe and the Stackers guide, 
exA) ed but^fth u"^ '^ ^^^^^ ^^*^ The dura mater it^y b^ 
exposed, but if the chisel be held at right angles to the side of the 
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head it will not readily be cut. Once the whole outer attic wall 
has been removed, and the upper border of the wound in the bone 
forms a plane at right angles to the side of the head, widening in an 
upward direction should cease. But in its deeper parts the bony 
wound may be much too narrow for thorough examination of the 
lower part of the tympanic cavity, and may be badly shaped for 
the application of flaps and growth of skin. The lower part must 
therefore be carefully widened. This is best done by the chisel, 
proceeding from below upwards and inwards, parallel with and 
not across the direction of the facial nerve. During the whole 
operation on the deeper part of the bone, but particularly at this 
stage of it, an assistant should be asked to watch for facial twitch- 
ing. This sign is always noticed when the nerve is injured slightly, 
but may be wanting if it be suddenly cut through. Hence the 
importance of having the edge of the chisel at all times as nearly 
as possible parallel with the axis of the nerve. 

Once the bony wound has been roughly chiselled out to the 
satisfaction of the operator, the cavity should be cleansed of bone 
chips, dust, and other debris. This may be done by forceps and 
cotton-tips, but is more thoroughly accomplished by the syringe. 
So that no drop of water pass down the Eustachian tube during 
syringing, the upper opening of this tube should be closed by a firm 
well-made cotton- tip, which is easily pushed into the tube and held 
there till syringing is finished. If oozing of blood be great from 
the deeper part of the wound, a solution of peroxide of hydrogen 
may be poured into the wound. When this is mopped out, a good 
view of the dry middle ear is obtained. 

Examination by mirror and speculum before the operation, 
has taught the operator what he may expect on opening the middle 
ear — whether the malleus is present, and whether the incus has 
been already exfoliated. During the breaking away of the '' bridge '* 
or deeper part of the posterior wall of the bony meatus, or during 
the removal of the outer wall of the attic, the incus is likely to 
have been disturbed and already removed by forceps. If such has 
not been done, the incus if present should now be sought for and 
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Afti^ tb^ zz^^j^, *ar ia= beteri *cir05C of its two greater 
^0^M*i^^, a.tr.*t:tii«: rm?c >r pa^i tro ~e valk of the tympomnm. 
A fc«%t proK: r::i^t K r:n car^frillv aixs the nxrf [tegmen tym- 
panx *t antri^ in -^arcL of ar:y fisrascd bone. The same must be 
/k/r*/: in t?*^ t>Tnpari.c o^Har. Tbese nro re^iiis mnst be gently 
f;*if^AfA yntii *rrjill sharp §|»ocs, and the spocxi must be made 
U/ ^lUiT th^ ^pp^ ^r^'i ^^^ ^^^ E^istachian tube, so that all diseased 
ti'-r^u^ be removed, and cicatrkiai closore of the upper end of the 
tub^: product. But the sharp spoon mnst be nsed with great 
gentleness on the internal t>Tnpanic wall, in case the stapes be 
(\y-Xnr\^'A in its attachments to the edges of the foramen ovale, 

or its ^rura broken. 

Attention should now be turned to the shape of the wound 

in the U^ne, and particularly to the communication between the 

purely mastoid portion of it, and the tympano-meatal part. This 

r.ofrjmufiication mubt be as %^ide as possible without injuring the 

f;jr iai nerve 'Stereofiram XXV,. This width is best got by enlarging 

the bony wound along the linea temporalis (upper part of the bony 

woundy, and by paring off bone in an upward and inw^ard direction 

jilorij^ tlie ridge of the facial spur. This must be done with great 

i'Mi* in (Asi- the facial n^rrve be injured, and in the doing of it the 

<l<(Jii(;illy rlrivcn l^urr will be found of great service. These burrs, 

(,l vjiiioiis si/cs, Jirc also well used for polishing up the walls of the 

( jivity iind icndding thcMn smooth. They should not be used withm 

thr tyiiipiinic cavity. The shaping of the deeper part of the bony 

wnund to the satislaction of the operator may also be effected by 

..h;iip '.poons, or l)y the chisel and mallet with which the greater 



part of the operation has been performed. Next to the removal 
of all diseased products, and particularly of all diseased bone, this 
proper shape of the bony wound is of greatest importance. 

Management of the Soft Parts in the Mastoid Operation. — 
The retro-auricular opening may be left unstitched, a Hght 
sterilized gauze packing placed between its lips, and a strip of gauze 
tape put into the middle ear. A pad of absorbent cotton is then 
placed over the auricle and contiguous parts of the side of the head, 
and the whole fastened by several turns of bandage tightly wound 
equator-wise round the forehead and behind the occipital pro- 
tuberance, the ear of the other side not being included in the 
bandage. Several turns of bandage are then run lightly round 
the head at right angles to the first turns — round the vertex and 
under the chin. This method of dressing is suitable for those cases 
of mastoiditis in which an abscess in the mastoid cells has been 
opened, but in which the radical operation has not been done. 
It is, further, the best method in those cases in which intra-cranial 
complications are feared, and in those cases where the condition 
is such that heahng by immediate union would not follow the 
stitching of the wound. 

But if the radical operation has been done, the soft parts 
demand special treatment. A large wound has been made in the 
bone, behind the ear, the bony posterior meatal wall has been 
removed, but unless something more be done, the cartilaginous 
posterior meatal wall would remain a partition between the mastoid 
wound and the external auditory canal. If, however, the soft 
parts be slit along the posterior meatal wall, from the middle ear 
into the concha, if now these soft parts be papered against the 
widened wound in the bone, all dressing may be carried on through 
the external auditory canal, and the mastoid wound may be stitched 
up at the time of the operation, or treated by packing, as the 
operator should deem fit. These are the lines on which most modern 
aural surgeons proceed after the radical mastoid operation, but 
the splitting of the soft parts and the arrangement of the resulting 
flaps, is not always carried out after one fashion. The chief variations 



in method are here given, but it cannot be too clearly understood 
that if all diseased tissue be removed, and the bony wound be 
given the proper shape, the particular method of cutting and 
arranging the flaps is of secondary importance, so long as free and 
permanent entrance through the external auditory canal be 
obtained. 

I. Pause's Method {see Fig. 52). — The posterior wall of tbe 
cartilaginous canal is split along its middle from its inner end to 
the concha. From the outer extremity of^this incision two smaller 
cuts are made at right angles to the first, so that a T-shaped wound 
is made, and an upper and a lower flap formed, which can be laid 
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against the enlarged wound in the bone. The flaps may either be 
kept against the bone by the packing used in the dressing of the 
ear, or additional security for their union may be got by attaching 
the flaps to the occipital aspect of the wound behind the auricle. 
2. Korner's Method (see Fig. 53).— Two parallel incisions ate 
made, one along the upper, the other along the lower border of the 
posterior meatal wall, and these are brought into the cavity of the 
concha. A tongue-shaped flap is thus formed, attached at its 
outer end, but free throughout its whole length, and this can be 
laid against the wall of the enlarged bony cavity. This may 



be pressed against the bony wall behind by the packing which is 
to be introduced at the dressing, or following Pohtzer's practice, 
a split rubber drainage tube may be passed into the enlarged 
meatus and the packing applied through this tube, the whole or 
unspHt side of which presses the flap against the bone. 

3. Siacke's Flap {see Fig. 54). — An incision is made along the 
upper border of the cartilaginous canal and brought into the cavity 
of the concha, and from the outer end of this a second incision is 
dropped at right angles to the first. This leaves a lower flap, which 
can be pushed downwards and thus be made to Hne the bony cavity. 

The posterior surface of all of these flaps should be thinned, 
by removal of all cartilage and other tissue by means of curved 
scissors, so that close application to the bone is made easy. The 
wound behind the ear, the mastoid incision, must now be closely 
stitched, because all subsequent treatment is to be conducted by 
the widened meatus. A small gauze drain may, if the operator 
choose, be left at its lower angle, but this is not necessary. Five 
or six stitches are sufficient to close the wound accurately. 

The packing of the wound cavity, whereby the split meatus 
is the more accurately applied to the bony wall, may be effected 
either by gauze tape or by pellets of sterilized gauze. The latter 
are packed closely into the wound cavity, and may be used plain, 
or they may be previously dusted with an antiseptic powder like 
iodoform or aristol. Pads of plain or iodoform gauze are now laid 
behind the auricle, a larger one is laid over the auricle, and a large 
flat piece of cotton- or wood-wool dressing is applied and kept in 
position by a bandage, as already described in speaking of the 
operation for opening an abscess within the mastoid cells. 

The growth of skin over the newly-formed and enlarged bony 
cavity proceeds from the anterior wall of the meatus, and from the 
sides of the split posterior meatal wall. The first dressing should 
if possible be deferred for five to seven days, and the gauze packing 
or pellets should be removed as carefully as possible, so as not to 
detach the flaps from the bony walls. The writer is in the habit — 
unless there be very copious or fetid discharge — of carrying out the 
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dressing without syringing. The cavity is simply dried and re-packe« 
Exuberant granulations, when they occur, are either pressed down 
by the packing or snared by the wire loop. Healing takes place 
in the best cases in five to seven weeks, in the average case in two 
to three months, and in protracted cases, whenever the cario- 
necrotic processes which so often cause delay in the ultimate stages 
of these cases have come to an end. The management of these 
delayed cases will be noticed shortly. 

The management of the radical mastoid operation as above 
described, assumes that no good reason exists for keeping the retro- 
auricular wound open ; but in practice it is not always wise to stitch 
the wound at the time of the operation. The indications for leaving 
the wound open and conducting the dressing from the mastoid 
wound for a longer or shorter period, are as follows : — 

1. Great sweUing and thickening of the soft parts over the 
mastoid process. 

2. Similar swelling and inflammation of the soft parts over 
the temporal and zygomatic regions, in which pus collections may 
yet form. 

3. The suspicion that intra-cranial complications have already 
begun and that, in spite of the radical mastoid operation, further 
operative interference may be necessary. 

4. The existence of cholesteatomatous changes within the 
mastoid process, which cannot be thoroughly dealt with at the 
time of the radical operation. 

5. The presence of sequestra within the mastoid process which 
cannot be safely removed at the time of the operation. 

The advantages of the immediate closure of the retro-auricular 
wound are great. In a week or ten days the stitches can be removed 
from the soft parts, and in less than a fortnight all ear-dressings 
can be removed from the side of the head. The patient may thus 
resume business at a much earlier date than if packing be carried 
out through the mastoid wound. In most cases the widened 
external auditory canal is sufficient to give a view of every part of 
the granulating cavity, and every part of it can be packed or other- 




wise dressed with precision. Then the scar on the mastoid process 
is 30 slight as to be practically invisible. Only a white line is left, 
without pit or depression, and this is placed so near the auricle 
that it is discovered only on the most critical examination. 

Packing with gauze strips should not be carried out too long, 
else exuberant granulations will form. After the first two or three 
dressings it is enough to dry out the granulating cavity with cotton- 
tips, and plug the outer end of the external auditory canal with 
a pellet of cotton-wool. 

Skin Gratting-^At various times surgeons have tried to shorten 
the period of healing after the mastoid operation by skin grafting 
the walls of the antro-tympanic cavity. Indeed, before the radical 
mastoid operation was performed at all, skin grafts had been 
successfully grown within the middle ear. For the healing of the 
recently enlarged antro-tympanic cavity the method of Siebenmann 
as developed by Ballance is successful. 

Its details are briefly as follows. The radical operation is 
conducted on the lines above described, except that, in forming 
the flap, the incision along the external meatus is carried along 
the lower border of the posterior wall till the knife arrive at the 
concha, when the cut is made to sweep round within the concha 
in a curved direction upwards and backwards to the crus helicis. 
From the back part of this flap redundant tissue is removed, and 
it is fixed to the anterior flap of the mastoid wound by one or two 
stitches. Packing of the wound cavity is then carried out from 
the externa] auditory canal, and the mastoid wound is closed. 
U In ten to fourteen days the mastoid wound is re-opened, all 
■exuberant granulations carefully removed from the wound cavity, 
and a large epidermal graft about an inch long and almost an inch 
broad is shaved from the inside of the upper arm or the thigh, and 
made to line the prepared antro-tympanic cavity. The handling 
of this graft is made easier by the use of a large section-lifter, with 
which the graft is floated on to the mastoid wound. By suction 
I with a fine pipette, the underlying fluid is removed from below the 
aft, and its cut surface falls against the granulating bony cavity 
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Against this the graft is packed with steel stopp^s, so that it lies 
very closely against the irregalarities of the bone. To protect 
the graft the cavity is next lined with thin gold foO, r«i«« of an 
inch in thickness. This is similarly closely af^died to the epi- 
dermal surface of the graft, and all moisture removed as th<Ht>ngfaly 
as possible. Tamponing is then 2q>plied to the external auditor)^ 
canal, the post- auricular wound is closed by stitches, and all sub- 
sequent dressings are done through the widened canal. Rapid 
lining of the antrc-tympanic ca\ity by skin takes place, and if all 
diseased tissue have been removed at the primary operation, 
complete healing of the cavity takes place in a few weeks. During 
the grafting operation nothing but sterilized salt solution is used 
for washing the wound and floating the graft. 

More recently, Mr. Ballance has modified his operation in 
various particulars. The chief of these modifications are : — 

1. The main mastoid cavity is not now grafted ; the graft 
is only allowed to cover the inner wall of the tympano-attic-antral 
cavity. 

2. Gold leaf is discarded as a protection to the grafts, which 
are kept in position by tiny mops of sterilized cotton covered with 
^auze. 

3. A new third stage of the operation is added, which consists 
in the deliberate removal of the dead portion of the graft. This 
is best and most accurately done under an anaesthetic, but may be 
done by the meatus without an anaesthetic. 

The advantages claimed for Ballance's method of healing the 
tympanic cavity are, the more rapid epidermization of the antro- 
tympanic cavity, and the less liability of the headed tissue to break 
down under unfavourable influences. Its disadvantages are the 
repeated opening up of the mastoid wound, and the consequent 
necessity to wear a head-dressing of some sort for a longer period ; 
the repeated anaesthetizing of the patient for the operation of grafting, 
and for the removal of the dead portions of the graft. Like aU 
mastoid operations in which a rapid and permanent result is to 
follow, Ballance's requires the thorough and complete removal of 
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all diseased bone, and the proper shaping of the bony wound. 
Now if these two conditions be complied with, a rapid result will 
be got without grafting. Even large operation cavities in the 
mastoid process heal rapidly and well, and delay is far oftener due 
to the presence of small cario-necrotic areas in the inner tympanic 
wall, which cannot be safely removed without damage to hearing. 
Grafting will not heal these cases. The writer for a time grafted 
most of his cases, especially those in which it had been necessary 
to make a large wound in the bone. The longer he operates the 
less does he fear such a large wound. These wounds, however 
large, will heal within a reasonable time — six to eight weeks — if 
the shaping of the cavity have been properly managed, and if the 
flaps have been so arranged that drainage is good, and easy access 
is got from the external auditory canal. 

The Stacke Operation. — In 1892, Stacke proposed to reach 
the mastoid antrum, and to remove the products of inflam- 
mation from this cavity and from the tympanic attic, by 
chiselling the inner end of the postero-superior meatal wall, and 
thus reaching the antrum through the adit us. This reverses the 
procedure in the ordinary radical mastoid operation, by which 
the antrum is first found, and the attic reached through the 
aditus. 

The early stages of the Stacke operation, by which the soft 

parts are divided, are similar to those already described in dealing 

with the radical operation. The remains of membrane and the 

malleus are removed, if these be present. The beak of the guide 

devised by Stacke is now introduced into the tympanic attic, and 

upon it the external attic wall is removed, till the tegmen tympani 

and the superior meatal wall pass uninterruptedly one into the 

other. The incus is now sought for, and the beak of the protector 

is made to occupy the aditus itself. Upon it the chisel removes 

the inner end of the postero-superior meatal wall, till the antrum 

is reached. The antrum, the attic, and the middle ear proper, are 

thus laid into one cavity, the walls of which can be smoothed and 

made to slope away towards the lower part of the external auditory 
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canal. The splitting of the posterior cartilaginous meatus is then 
conducted as in the ordinary radical operation. 

It is unnecessary here to repeat the details which have already 
been given in this connection ; rather is it important to indicate the 
special features of Stacke's operation, and the cases to which it is 
appHcable. The guide protects the facial nerve and the external 
semicircular canal when its beak is in the attic, and the facial 
nerve at its bend and in the beginning of its descending part, when 
the beak is in the aditus. The guide, or a bent probe which may 
be made to take its place, should be used throughout, until the 
attic and antrum have been freely exposed. 

As a method of removing the ossicles, Stacke's operation is 
thorough, and has the great advantage of removing the postero- 
superior pole of the tympanic ring, which is so often diseased in 
cases in which the ossicles are necrosed. It also exposes to view 
the tegmen tympani, and enables the surgeon to deal safely and 
thoroughly with disease there. But as a means of throwing open 
all the accessory cavities of the tympanum, Stacke's operation is 
insufficient, and unless disease of the mastoid cells other than the 
mastoid antrum can be excluded, the ordinary radical operation 
should be preferred. For disease limited to ossicles, Stacke's 
operation is too radical ; for disease involving all the accessory 
cavities of the temporal bone, and especially the mastoid cells, it 
is not radical enough. Still, there are many cases in which disease 
exists beyond the ossicles themselves, in the attic and toward? 
or even in the antrum, and to which Stacke's operation may be 
properly applied. 

In deciding the question as to which must be done — the 
radical mastoid or Stacke's operation — two factors will weigh 
with the surgeon : his opinion in a given case regarding the extent 
of the disease, and his famiharity with one or the other procedure. 
The writer, where he has any doubt as to the state of the mastoid 
antrum and cells, always does the radical operation, and is not 
deterred from doing this thoroughly by the fear of protracted healing 
of a large bony cavity, for he is convinced that if this cavity be 
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properly shaped, and the after treatment properly ordered, healing 
of the mastoid wound will not be long delayed. 

Delayed Healing after the Mastoid Operation. — Operators are 

constantly being asked for, and in many cases supply statistics of 
the results of the radical mastoid operation. How many cases 
heal within a short time, say two or three months ? How many 
go on discharging for many months ? How many cases do not heal 
at all ? The answers to such questions do not seem to the present 
writer to be of great value, unless the conditions under which the 
operation is done are very carefully stated, and unless the reasons 
for delayed healing or for non-healing are given. It would seem 
more profitable to ask : Why does not every case heal well, and 
what are the exact causes of non-healing or delayed healing ? 

Before answering these questions, it is necessary to define 

:actly the cases in which rapid and final healing may be expected, 
if the technique of the operation be successfully carried out. The 
tubercular affections of the temporal bone must be excluded from 
this discussion, because, especially in the case of young children, 
it may neither be possible nor safe to remove all the diseased bone, 
and because the constitutional diathesis may make the bone disease 
advance even after a thorough operation. But if these be excluded, 
fairly definite answers may be given to the two questions put. The 
operation under discussion is the radical mastoid operation, in 
which, in addition to the opening of the bony cavities, the posterior 
cartilaginous wall has been split, the post-auricular wound stitched, 
and the subsequent dressings carried on through the externa) 
BLuditory canal. 

' The commonest cause of protracted heaUng in the upper part 
of the wound — towards the middle fossa of the skull and the sigmoid 
sinus — is undoubtedly improper shaping of the bony wound. From 
a very wholesome and necessary fear of wounding the facial nerve, 
the part of the posterior meatal wall which is removed is too small, 
and the communication between the meatus and the ablated mastoid 
antrum is too narrow. This communication becomes choked with 

luberant granulations, retention of discharge within the mastoid 




portion of the wound takes place, and healing ceases. This cause 
of delayed heaUng can be avoided. If the bony wound be made 
wide at its superficial part, if the posterior meatal wall be removed 
widely in its superficial part, and not too widely in its deeper part, 
free access will remain to all the parts of the mastoid process, and 
during the operation the facial nerve is not likely to be injured. 
It matters little whether it has been necessary to remove the 
tegmer tympani or not, whether the sigmoid sinus has been 
exposed or not — indeed it is better to expose these freely than 
leave carious bone — if all diseased tissue be removed and if the 
communication under discussion be wide, rapid healing will take 
place. In nearly all the writer's cases where these conditions 
have been complied with, healing of the vault of the wound 
and of its posterior limb towards the mastoid process takes 
place, often in six or eight weeks, and seldom does it take 
three months. 

Within the tympanic cavity, and in the lower part of the 
wound, the causes of delayed healing are small necrotic areas of 
bone, and re-infection of the granulating middle ear from a patent 
Eustachian tube. Under the heading of necrotic areas must be 
included fistulse into the internal ear — through the internal tympanic 
wall. Small necrotic areas often exist over the internal tympanic 
wall— promontory— and in the tympanic cellar, and the present 
of these may be discovered by the operator only after the rest of 
the operation wound has healed ; these patches remain obstinate. 
A good deal can be done by careful scraping of granulation tissue 
and exposed bone at the time of the operation, but if the operator 
have for his object the retention of the stapes and the retention of 
the residual hearing, his manipulation with the sharp spoon must 
be hmited and carefully conducted. In otherwise healthy patients, 
the persistent dressing of these necrotic areas results in healing, 
although months may elapse before this result is attained. Granula- 
tion masses may have to be removed by the cutting forceps, or by 
snare or caustics. 

Re-infection of the heaHng tympanum by way of the Eustachian 



tube, may be prevented by so curetting the upper extremity of the 
tube as to cause cicatricial closure of its tympanic opening. 

Amongst minor causes of delayed healing are the too long 
continued packing to its inner end of the external auditory canal 
with strips of gauze. This encourages the growth of exuberant 
granulation masses, which may have to be removed before further 
progress can be made. Aiter the first week or ten days such packing 
should be discontinued, and the canal, which forms a natural drainage 
tube, cleared of discharge by passing small cotton-tips into every 
recess at its inner end. Some surgeons advise the instillation of 
spirit drops to lessen the discharge and hasten the healing, but the 
writer simply drys the canal, and with the object of keeping out 
water and dust, plugs its outer end with cotton-wool. Spirit drops 
sometimes increase the discharge and delay healing. 

Risks of the Mastoid Operation. — With regard to Ufe, the 
risks of the operation are very small. A few cases are recorded 
in which the mastoid operation seems to have Ut up into activity 
to intra-labyrinthine disease of old standing, and in this way 
have spread infection to the cranial cavity. But if these cases 
be excluded, and if intra-cranial complications already established 
be excluded, the mastoid operation is not only a safe one, 
but is the safer the more thoroughly it is done. The channel by 
which infection reaches the brain in these cases of labyrinthine 
disease is probably the veins of the labyrinth which open into the 
lateral and inferior petrosal sinuses. 

The minor risks of the operation are these : The opening of 
the middle fossa of the skull ; the wounding or exposure of the 
sigmoid sinus ; and the injury to the facial nerve. If the bent 
probe be carefully used in the aditus, the antrum will always be 
found, and the middle fossa will not be mistaken for it. After the 
antrum has been found, the bent probe will again define the limits 
of this cavity. If the dura in the middle fossa or the wall of the 
sigmoid sinus be exposed, no harm will result if the septic material 
within the mastoidiprocess be thoroughly removed and the wound 
acked. Should the sinus be unintentionally opened^an accident 



which happened twice to the writer in his earlier operations — it 
may be necessary to stop the operation for the time, but the vessel 
may be successfully plugged, and no complications will happen ii 
the surroundings be clean. 

The commonest accident during the mastoid operation is 
injury to the facial nerve. This experience must happen often 
to every thorough operator. The nerve is often already exposed in 
its horizontal part within the middle ear, and the writer has seen 
temporary paralysis follow such slight injury as was caused by a 
well guarded cotton-tipped probe, when the latter was used in 
finally cleaning out the middle ear after the mastoid operation. 
But permanent total paralysis scarcely ever results from injury 
to the nerve occurring during or after any of such operations. 
Sometimes the paralysis comes on one or more days after the 
operation, sometimes it lasts only a few days, oftener two or three 
weeks, occasionally several months ; hardly ever is it permanent, 
although in the cases lasting over months the recovery of the nerve 
may not be quite complete. In the vertical part — from the aditus 
through the inner end of the lower half of the posterior meatal wall 
to the stylo-mastoid foramen — the nerve need never be injured. 
The posterior meatal wall must be removed in its whole depth 
down to the aditus in its upper half. But in its lower half the inner 
third must not be removed, as it contains the nerve, which must be 
injured if this part of the bone is attacked. Plenty of room can, 
however, be got for all the purposes of the operation, if the wound 
in the bone be made funnel-shaped, wide at the mouth and narrow 
towards its depth in the aditus. 

With regard to hearing, it may be said that the radical mastoid 
operation, as a rule, does not damage, neither does it improve 
hearing. In most cases where it is performed, extensive destruction 
of membrane has taken place, the incus is often absent, or if present 
its articulation with the stapes is valueless in the conduction of 
sound, so that removal of the remaining membrane, and of the incus 
and malleus, does not further damage hearing. On the other hand, 
if the radical operation be performed in a case where the ossicular 



connections are good and the hearing is good, the operation is quite 
likely to damage hearing. A mobile stapes, even if unsupported by 
the other ossicles or by tympanic membrane, will, if the labyrinth 
be intact, give good hearing after the radical operation. 

Where the suppurative disease is unilateral, and the hearing 
in the other ear is perfect, the operator should do the radical operation 
thoroughly, irrespective of the probable effect on the hearing. 
Where the suppurative disease is bilateral, the writer has in several 
cases done the radical operation on the worse hearing ear, and 
the Schwartze, or partial operation, on the better hearmg ear. In 
no case should the operator promise that hearing will not be damaged 
by the radical mastoid operation. 



V 



CHOLESTEATOMA. 



During the progress of chronic suppuration within the middle 
ear, the epithelium in that cavity and the epidermis in the external 
auditory canal are stimulated to overgrowth, and deposits of cellular 
material mixed with pus and other di-bris form cheesy masses within 
the recesses of the temporal bone. When a perforation exists in 
the upper and posterior part of the tympanic membrane or in 
Shrapnell's membrane, the epidermis of the external auditory 
canal may pass over the edge of the perforation, especially if it be 
very peripheral in situation, make an inroad into the middle ear, 
and proceed to line, not only the latter cavity, but also the 
mastoid antrum or the tympanic attic, or both. Within these 
confined cavities the epidermic growth continues, layer after layer 
of cells becomes packed within the confined area, and the result is 
a definite tumour composed of concentrically arranged epidermic 
cells, purulent dihris, micro-organisms, and cholesterine crystals. 

The mucous membrane of the middle ear and mastoid antrum 
serves, as will be remembered, the purposes of a periosteal lining, 
so that the bone underlying the aberrant epidermic growth becomes 
involved in the diseased process. Further, the gradual increase of 
the tumour, which may range from the size of a pea to that of a 
walnut, causes absorption of the containing bony walls, and an 
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opening may be made in the bone either towards the sigmoid sinus, 
the middle fossa of the skull, the surface of the mastoid process, 
or through the upper or posterior wall of the external auditory 
canal, into the meatus. Carious disease of the bone may co-exist 
with the presence of these tumours, and as there are abundant 
micro-organisms always present, intra-cranial complications may 
at any time arise. 

For an indefinite period there may be no symptoms ; but should 
swelling of the epithelial masses occur, pressure symptoms set in. 
This may be determined by the intentional or accidental entrance 
of water — as in syringing, or during sea-bathing. The consequencf 
is headache, giddiness, and discomfort in the side of the head 
Vomiting and febrile symptoms mav also come on. 

The Diagnosis is not always easy. With a bent probe it may 
be possible to detach pieces of the tumour, or with a syringe to 
wash shreds away. If granulation masses co-exist, there is probably 
also caries of the bony walls. In the washings cholesterine crystals 
may be got and identified, either by their special shape under the 
microscope, or they may be discovered by applying the proper 
chemical test. Within the mastoid process the application oi 
objective tests is not possible ; but from the attic and from the 
aditus it is often possible to get proof that these spaces are filled 
with cholesteatomatous material. Sometimes large openings are 
thus made by the disease, through which the surgeon, by probe or 
scraper, may remove at least part of the tumour. 

Cholesteatomata are sometimes extruded spontaneously 
from the middle ear, or from the openings which have been madie 
into the meatus by their own pressure ; but the usual result is that 
by their increase in size, and on account of the micro-organisms 
which are present, a mastoiditis or an intra-cranial complication 
sets in, and operation is rendered imperative. 

Treatment.— An attempt should be made by the help of 
attic syringing to dislodge masses after their presence has been 
discovered. Suction by Siegle's speculum may do something in 
the same direction. Granulation masses should be removed by 



scraper, and necrosed ossicles removed. But it should be remem- 
bered that syringing may cause the masses to swell, and precipitate 
the pressure symptoms, so that unless there is a good opening 
from the attic or aditus, and the danger of retention is very slight, 
syringing should be avoided. If a fistula exist in the posterior 
meatal wall, the tumour may be reached in this way. Relapses are 
apt to follow all such partial measures as the above, for the diseased 
lining membrane remains, and the tumour grows afresh. If the 
diagnosis be clear, or if threatening symptoms occur, the radical 
mastoid operation should be performed at once. No time should 
be lost in less heroic treatment. Often the mastoid cells have been 
so destroyed, and laid together, that Httle is left for the surgeon to 
do within the substance of the mastoid process. Often, too, the 
aditus ad antrum has been greatly widened, and the inner end of 
the posterior meatal wall in great part destroyed. Careful inspection 
should be made of the tympano-antral roof, and of the bony wall 
towards the sigmoid sinus, and if any cario-necrotic fenestra be 
discovered, the disease must be followed into the cranial cavity. 
The walls of the bony cavity should be dealt with very radically, 
for the epidermic process in many cases penetrates the bone itself. 
If any doubt exist as to the result of the operation, a retro- 
auricular fistula may be kept open, and only closed after months 
or years, when further relapse is not Hkely. If this be not done, 
the plastic operation must be of such a nature as to leave a verv 
wide opening into the mastoid cells from the external auditorv 
canal. Skin grafting in these cases is not desirable. 

L CARIES AND NECROSIS. 

P The intimate connection between the mucous membrane of 
the middle ear and the underlying bone, explains the readiness with 
which the ossicles, the bony tympanic walls, and the bone within 
the mastoid process become diseased when the mucous membrane 
is inflamed. This inflammation is most violent in the acute purulent 
otitis of measles, scarlet fever, etc., whilst in tubercular affections 

Uhe nutrition of the bone is more profoundly affected. Hence 
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caries and necrosis of the underlying bone follow most readily, 
and are most extensive in these diseases, but they occur in places 
within the tympanum and in the ossicles, in all forms of middle-ear 
suppuration. In tubercular affections and in the acute infectious 
diseases, the disease of the bone is apt to spread deeply, and 
sequestra form in the mastoid process and in the middle ear, the 
sequestrum here often involving the bony labyrinth. In chronic 
middle-ear suppuration, the disease of the bone is more superficial, 
attacking the promontory, the ossicles, the tegmen tympani, the 
tympanic ring, and the hypo-tympanic recess or cellar of the 
tympanum. The facial canal is apt to be involved in the bone 
disease of tubercular affections, and facial paralysis follows. 
Retention of purulent contents is an important factor in the progress 
of these cases, and acute mastoiditis results. Generally the retained 
products burst outwards towards the external surface of the mastoid 
process ; but infection often takes place inwards, either by venous 
chaimels or by erosion of the bony walls, and meningitis, abscess, 
or sinus thrombosis results. Recurring granulation masses within 
the middle ear indicate the location of the cario-necrotic bone, 
(iitluT in the tympanic attic or towards the mastoid antrum. When 
th(» ruptuiv takes place into the meatus, a sinus is present on the 
postiTo-superior wall, and the probe passed into the sinus detects 
tlu* cliseasi^l bono. The ossicles, when discharged or when removed 
by operation, show eroded parts. The incus is most commonly 
ni»cros(Hl, thr stapes least so ; the latter because of its better and 
mon* direct blood supply (^from the side of the labyrinth). Small 
areas of caries may be discovered on the ossicles (malleus and 
incus\ the perforation being in that case either in Shrapnell's 
intMnbrane (.malleus^ or in the postero-superior quadrant of the 
nuMnbrane (^incns\ and the probe passed through the perforation 
strikes tlu^ diseased ossicle. 

In limited ossicular caries, the discharge may be very slight, 
and may dry as it exudes and form a crust. If the bone disease 
IS extt^isive, the discharge is great and often fetid. It is sometimes 
bloiulv vgranulatiiMi masses^, and examination of the discharge 
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between the fingers may detect bone sand^ and evidence of caries 
which may be confirmed by microscopic examination. If symptoms 
of mastoiditis follow, severe pain occurs, but in tubercular cases 
extensive disease may exist with scarcely any pain. 

The Treatment is on the lines indicated in describing 
mastoiditis and middle-ear suppuration. The strictest antiseptic 
treatment must be followed ; granulation masses must be curetted 
or snared ; sequestra must be removed either by way of the external 
auditory meatus or by the sinus on the mastoid process. It is 
sometimes necessary to crush or break these bony masses before 
removal. 

If retention signs and symptoms show themselves, the mastoid 
process must be freely opened up, and the whole of the disease 
removed as far as possible. Where the disease is limited to an 
ossicle or part of an ossicle, and where the discharge is slight and 
forms a crust, this latter must be removed, the ulcerating surface 
wiped clean, and then dusted with a dry powder Uke boracic acid 
or aristol. Thorough cleansing of the ear may be done from time 
to time by using an ear-bath of hydrogen peroxide. Should this 
fail, removal of the diseased ossicle must be effected. Much time 
and skill must be spent by the surgeon, and much patience 
displayed by the sufferer, in the management of these cases. The 
general health of the latter must be attended to. 




Diseases of the Middle Ear, continued. 

THE INTRA-CRANIAL COMPLICATIONS OF SUPPURATIVE 

MIDDLE-EAR DISEASE. J 

Intra-cianial Anatomy and Kar Disease^ Topography of the side of the Skull— 
Path^ of Infection or Pus Channels from the Ear to Intracranial and other 
Structures — The Pathology of Intra-cranial Complications— Simple and mixed 
Infections— Ext ra-dural Abscess— Sinus Thrombosis— Abscess within the Brain 
—Meningitis— Differentia! Diagnosis of the Various Intracranial Complications 
of MiddleEar Disease — Operative Treatment of the Intra-cranial Complic- 
ations of Middle-Ear Disease — Tying the Jugular Vein in the Neck^ 
Illustrative Cases— Ear Disease and Life Insurance. 

INTRA-CRANUL ANATOMY AND EAR DISEASE. ^ 

The dura mater may be looked on as the internal periosteum of 
the skull, intimately attached to the bone at the base, but loos^ 
at the sides oi the skull, except at the sutiu"es and the foramina. 
The dura mater may pulsate synchronously with the arterial beat, 
and may rise and fall with respiration. The sinuses of the dura 
are contained between the endosteal and meningeal layers of the 
membrane, and are lined by a prolongation of the lining membrane 
of the veins with which they are connected. The lateral sinus is 
the largest of the intra-cranial vessels, and the right sinus is larf^ 
than the left. The connection with the heart of the right lateral 
sinus, by the jugular vein and the right innominate vein, is more 
direct than on the left. The lateral sinus receives also the superior 
petrosal sinus, which derives some of its blood from the tympanic 
cavity, the mastoid and posterior condyloid veins, veins from the 
diploe, and veins directly from the mastoid process. The jugular 
bulb receives the inferior petrosal sinus, and the vein of the aqueduct 
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of the cochlea ; the vein of the aqueduct of the vestibule enters 
the lateral sinus. 

The posterior sub-arachnoid space communicates with the peri- 
lymph of the ear by the aqueduct of the cochlea, and the perilymph 
also communicates with the sub-dural space by means of the sheath 
of the auditory nerve. Similarly, the posterior sub-arachnoid space 
communicates with the sub-arachnoid space of the spinal cord, and 
with the fourth ventricle of the brain by the foramen of Magendie 
on its roof, and by the foramina of Key and Retzius on its sides. 
These relationships are of importance in the consideration of the 
intra-cranial complications of suppurative disease of the middle 
and internal ears. 

The parts of the brain contiguous to the organ of hearing, 
are the temporo-sphenoidal lobe of the cerebrum, and the cerebellum. 
The upper surface of the petrous portion of the temporal bone 
supports the temporo-sphenoidal lobe, the tegmen tympani forming 
a very thin plate between the brain and the middle ear. The 
posterior surface of the petrous portion is in contact with the sigmoid 
sinus and with the cerebellum. 

The auditory nerve has been described as having six endings 
in the ear, but these may be grouped into two ; a cochlear portion, 
going to the cochlea, and a vestibular, supplying the vestibule and 
semicircular canals. Both of these divisions arise from nuclei 
in the medulla oblongata. The nuclei are three in number, viz., 
Deiter's, the accessory, and the chief nucleus. The two roots rise 
on either side of the restiform body of the medulla, the lateral root 
chiefly from the accessory nucleus, and the mesial root from Deiter's 
nucleus and the chief nucleus. The lateral is continued as the 
cochlear nerve, and is the special nerve of hearing ; the mesial root 
is continued as the vestibular portion of the auditory nerve, and 
supplies the vestibule and semicircular canals ; the vestibular 
nerve is the nerve of equilibration. Beyond the medulla, the cochlear 
portion is said to be traceable to the corpora quadrigemina by way 
of the fillet, and from the corpora to the posterior part of the inner 
capsule by way of the geniculate body, whence they reach the 



cortical cells of the superior and middle convolutions of the temporal 
lobe. The chief course of the vestibular portion from the medulla 
inwards, is to the cms cerebelli and vermiform process of the 
cerebellum. 

Topography of the Side of the Skull. — When discussing the 
mastoid operation, the landmarks on the surface of the temporal 
bone which guide the surgeon in performing the radical operation 
were indicated, viz., the Unea temporalis, Henle's spine with the 
supra-spinous process, and the tip of the mastoid process. But 
in dealing with the intra-cranial complications of middle-ear disease, 
it is often necessary to enter the cavities which under ordinary 
circumstances we must avoid, and for this purpose additional land- 
marks are available. 

If a line be drawn on the side of the skull from the lower margin 
of the orbit, along the line of the zygoma, through the middle of the 
external auditory meatus, it will cross the mastoid process a little 
below the level of the antrum. Continuing this line backwards, 
it will cross the sigmoid sinus about the knee of the latter, pass just 
above the mastoid foramen on to the occipital bone, and for a 
distance of nearly two inches will run on this bone clean below 
the transverse part of the lateral sinus, after which it again crosses 
the lateral sinus. This is Reid's Base Line (see Fig. 55), and forms 
the guide for the opening of the cerebellar fossa. When that fossa 
has to be independently opened for suspected abscess, the opening 
should be made about an inch and a half behind the centre of the 
meatus, and a quarter of an inch below Reid's base line. When it is 
necessary to explore the cerebral fossa, and to open it independently 
of a previous operation- wound, this should be done through the 
squamous portion of the temporal bone above the linea temporahs, 
which may itself be taken as the guide to the lower limits of the 
temporo-sphenoidal fossa ; or the centre pin of the trephine may 
be made to enter the bone about an inch above Reid's base line on 
a perpendicular through the posterior margin of the meatus (see 
f^iS- 55). 

When studying the anatomy of the temporal bone, the principal 
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anatomical Channels of Infection from the middle ear to surrounding 
structures were named (pp. 26 and 27). But the commonest paths 
of infection, perhaps, are those which are created by the long 
continuance of cario-necrotic processes in parts of the temporal 
bone contiguous to the brain. The tegmen tympani et antri and 
the; sinus-mastoidi wall are thus attacked, and channels of infection 
are thus opened' up to; the middle fossa, of the skull on the one hand, 




^y- 55* — Reid's Base Line. The marks + + show the points where the skull should be 

opened for cerebral and cerebellar Abscess. 



and to the sigmoid sinus and cerebellum on the other. In the latter 
situation there is direct venous communication between the mastoid 
cells and the sigmoid sinus, and these veins have no valves. In 
the lower part of the tympanum, cario-necrotic processes may pass 
backwards towards the jugular bulb, which is sometimes placed 
so high up as to encroach on the tympanic cavity, and here the 
bony wall may^be defective. In the front of this lower part of the 
t5ntnpanum, cario-necrotic processes may cause infection of the 



structures round the carotid artery, and erosion of the walls of 
the vessel itself. 

The same changes may take place within the internal ear. 
Erosion of the promontory is a common occurrence in chronic 
middle-ear suppuration, infection may attack the internal ear, 
and through it the intra-cranial structures. The internal auditorv 
meatus and the aqueducts thus become channels of infection, and 
the cario-necrotic erosion may reach the middle fossa by the side 
or through the roof of the superior semicircular canal (eminentia 
arcuata). There the wall of the bone between the dura of the 
middle fossa of the skull and the lumen of the semicircular canal 
is never very thick. 

There can hardly be any doubt that the commonest channels 
by which pus reaches the intra-cranial structures are these : — 

1. Cario-necrotic openings between the middle ear and mastoid 
process on the one hand, and the middle and posterior fossa of the 
skull on the other. 

2. Infection of the posterior fossa along the sheaths of the 
facial and auditory nerves, from purulent foci in the internal ear 
and tympanic cavity 

3. Direct contamination through venous channels, such as 
pass from the mastoid cells to the sigmoid sinus. 

PATHOLOGY OF INTRA-CRANIAL COMPLICATIONS. 

Intra-cranial infection may take the form of abscess, meningitis, 
or sinus thrombosis. Clinically, it is very important to separate 
these, but often it is not possible. It is convenient, therefore, to 
consider intra-cranial complications in the first place as a whole ; 
an attempt being made afterwards to differentiate between their 
various forms. When an ear case goes wrong, or when foi 
the first time the surgeon sees a case of middle-ear suppuration 
in which intra-cranial comphcations threaten or have become 
established, the signs and symptoms have to be considered in the 
light of what is known of the morbid anatomy of the conditions 
possibly or probably present. 



Intra-cranial complications follow chiefly upon middle-ear 
suppuration of old standing. Purulent collections in the attic or 
within the mastoid process cause erosion of the bony wall, and the 
dura is exposed to the action of pathogenic micro-organisms. 
Thickening of the dura follows, granulation masses spring up near 
the opening in the bone, and may project to the inside of the cranial 
cavity, and also downwards so as to be seen at the roof of the middle 
ear through the external auditory canal. An extra-dural collection 
of pus may thus form over the tympanic tegmen, or a perisinus 
abscess may form by disease of the sinus-mastoid wall, next the 
posterior mastoid cells. Such extra-dural abscesses may consist 
of but small collections of pus, which may drain through the bony 
opening with more or less thoroughness. In a case of the writer's, 
although the bony erosion was distinct, and the granulation bud 
projected well into the middle fossa and leant against the dura, 
the amount of pus was very small. On the other hand, the collection 
of pus may amount to several ounces. 

But the irritation and infection may pass through the dura, 
the upper surface of which becomes thickened ; the arachnoid 
membrane in its turn becomes affected, and adheres to the inner 
surface of the dura, and to the outer surface of the pia mater. This 
adhesion of the surfaces is a conservative process. According to 
its situation and thoroughness, it may result in a collection of pus 
between the arachnoid membrane and the dura mater — a sub-dural 
abscess ; or a Umited lepto-meningitis, bounded by the edges of 
adherent arachnoid and pia mater, may take place. In the absence 
of any limiting adhesion, a general lepto-meningitis may take place. 
Further, in spite of adhesion of the meningeal structures, absorption 
into the interior of the brain may occur, and a brain abscess, temporo- 
sphenoidal or cerebellar, may develop. Such a collection of pus 
may be connected with the fistula in the bone through which infection 
has entered, or may be separated from the fistula by sound brain 
tissue, but it is usually near the diseased bone, and therefore usually 
near the tegmen tympani or the sinus-mastoid wall. Once the 
nra is opened and the meninges become attacked^ the adhesive 




|^tiKv)vM.'* which limit the disease act with much less certainty than 
tilwy Uo outMcle tlie dura. In the latter situation the sutures of 
^bv ^kull u(ti'H determine the extent of the purulent area ; in the 
JMNUVI, u mMicnil Itipto-mcningitis, spreading downwards to the 
||§M ^1 t'><^ brain and upwards over the vault, is common. 

WhfU the processes above described occur near one of the great 
^U«t«<i, the Jiiniis itself becomes involved. Granulation masses 
iuv*di' i\w wmis wnll, cause it to thicken, and soon infection reaches 
iU iuiU't lining, A thrombus forms round the invaded wall, and 
tti^Uiwtwly blui'ks the vessel more or less completely. The thrombus 
U IHtwtivp in its nature, or soon becomes so ; this breaks down. 
iuUHliNi' umtcriul is swept into the systemic circulation from the 
tmih-ilK blocked vein or from the lower end of a softening throm- 
)Mk'<, nnd pVWiuiu ii'sults. l-un^ affections follow, and metastatic 
uiHUlk'siUtimii* innv occur in various parts of the body. 

Uu'M' cuiulitionH may occur together, and a mixed infection 
uuiv ivtvill, III 11 ciisf of the author's, a meningitis, a sinus throm- 
UuttD^ tmil u cctvbelliu" abscess all occurred together. 

SvMi'u'Mx In Ixtrn-dural Collections of Pus there may be 
UVi Vit»i>»*w»w» IV there may be pressure symptoms. Tho* is 
m'iH'iAll,V hmdftchf, either local or diffuse, and the pain is worse 
^{ iHjjlU Ibp |mUp-rate, except in the earlier stages, is low: 60, 
^»», »y VVV4* 4\» \m' minute, according to the amoimt of pressure; 
■\,\\\\ Utv tv'UHK^tttiU'o is sub-normal. If the collection be in the 
V luU^Ui tvjtwrt, lililtening of the muscles of the neck may be present. 
'4.lvl^iiv>a>i rtUvl Wyuitiug may occur, and general dullness or stupM 
m^VV Iv^K'VV. U tUfiv be meningitis, the s3miptoms of abscess 
|»Ui»^VUy *KW uiftsikwl by the more general and less defined symptoms 
«a \W- un'umtiUis. Mttnlnitltls has symptoms of more general 
tuitiVUvm IMc K t»hutophobia, sleeplessness, tossing about of 
(U» ii.,aivni nk Ud,, ami delirium. Vomiting is often present. The 
mH-iW .i,H u'^Uuct^sl and their reaction to light lessened. There 
iu\\ Ui mit\Ut,\ \^i the muscles of the neck, convulsions, and 
iuU\l\iiij^ s^t muavlv* later the symptoms become mcwe marked. 
I in inlicul m^v Uh,\4w maniacal ; optic neuritis is often pres^, 
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sometimes absent ; the pupils are unequal and dilated ; ptosis is 
sometimes present, and squinting may also occur. Towards the 
end, paralysis of the bladder and rectum supervene, and the patient 
becomes comatose, death occurring sometimes suddenly, or after 
periods of apparent improvement. The breathing, especially during 
the later stages of the case, is of the Cheyne-Stokes variety. The 
temperature is variable ; usually it is moderately high, but may 
be sub-normal ; the pulse is quick and full at first, but becomes very 
feeble and rapid towards the end. 

When Sinus Thrombosis exists, the temperature is much 
more characteristic than in meningitis {see Case 9). Severe rigors 
occur, sometimes daily, sometimes at intervals of days. The 
temperature runs up to 103°, 104**, or even 105°. Sudden fall 
brings copious perspiration, and the temperature may reach the 
normal or become sub-normal. Oscillations of this kind carried 
over a series of days, with rigors and sweatings, are almost diagnostic 
of sinus thrombosis. Apart from the peculiar temperature and 
pulse, the symptoms may simulate those of meningitis. There 
may be headache, vomiting, and optic neuritis. A search should 
be made on the side of the head and down the neck, for signs of 
venous obstruction. If the mastoid vein be obstructed, oedema 
of the mastoid process may be present. If the thrombosis extend 
to the jugular vein in the neck, it may be felt as a cord by the 
examining finger. If there be thrombosis of the facial vein, the 
side of the face may be oedematous. As between meningitis and 
sinus thrombosis, the diagnosis is not always clear ; but lumbar 
puncture may be tried, and the cerebro-spinal fluid examined for 
micro-organisms. If the fluid be clear, and no micro-organisms be 
discovered, thrombosis may be suspected. It is in sinus throm- 
bosis, of course, that metastasis is most common. Thus symptoms 
may occur in the lung, or in the joints, muscles, and internal 
organs like the liver and kidney. A symptom which may be of 
some value in sinus thrombosis is pain on pressure over the posterior 
border of the mastoid process. Such pain over the mastoid process 
itself, has been noticed when considering mastoiditis. 
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DIFFERENTIAL DIAGNOSIS IN THE INTRACRANIAL COMPLICATIONS 

OF SUPPURATIVE MIDDLE-EAR DISEASE. 



Symptom or Sign. 



Discharge 



Temperature 



Pulse 



Headache 



Eye Signs and 
Symptoms 



Vomiting 
Respiration 



Signs and Symp- 
toms in the 
Neck 

General Con- 
dition 



Brain Abscess. 



Present, but may 
be temporarily 
lessened 

Sub-normal or only 
slightly raised 



Slow 



Often present 



Retinitis or choked 
disc may be present, 
contracted and often 
unequal pupils 

Sometimes present 

Normal or slow, and 
may be of Cheyne- 
Stokes' variety 

Absent 



Dullness of intellect, 
sometimes unsteadi- 
ness of gait, and 
giddiness 



Meningitis. 



Present, but may 
be temporarily 
lessened 

High, without 
marked remissions 



Moderately fast, or 
very rapid, seldom 
slow 

Common, and either 
diffuse or localized 

Retinitis or choked 
disc common, pupils 
contracted or di- 
lated. Strabismus 

Common 

Cheyne-Stokes' 
variety present 



Absent, or rigidity 
of the neck muscles 



General irritability, 
at first delirium, and 
later, coma 



Sinus Thrombosis. 



Present, but may be 
temporarily lessened 



High, with marked 
and often repeated 
falls, profuse perspir- 
ation, rigors common 

Fast, or even very 
rapid 



Not common in un- 
complicated cases 

Retinitis or choked 
disc often present 



Not common 

Rapid, or of the 
Cheyne - Stokes' 
variety 

Sometimes tender- 
ness, and a hard cord 
felt by the finger 

Great depression, and 
asthenia, if systemic 
infection be in pro- 
gress, secondary in- 
fection of lungs and 
other metastatic phe- 
nomena. 



In cerebellar cases there is vertigo, staggering gait, and rigidity of 
the muscles of the neck. 

All intra-cranial complications tend to follow old-standing, 
as against recent middle-ear suppuration. In all, the middle-ear 
discharge may be so slight that the patient thinks it does not exist. 
The discharge, although slight, can almost always be found bv a 
cotton-tipped probe, and has often a bad odour. 

Unfortunately, intra-cranial compHcations are often of the 
mixed type, sinus thrombosis and cerebellar abscess co-e.\isting, 
whilst meningitis may be added to these. Cases are therefore not 
always typical, and diagnosis is often very difficult. The symptoms 
and signs belonging to one condition mask or hide those belonging to 
another, so that during operation or post-mortem, it is quite common 
to find conditions present which have not been suspected at the pre- 
operation study of the case. But it will often be the duty of the 
surgeon to interfere, though no definite localizing symptoms have 
appeared. Whether he interfere, or wait for locaHzing signs and 
symptoms, will depend on the condition of the patient and on the 
acuteness of the case. But if the symptoms are well defined, and when 
meningitis can be excluded, the surgeon should not be deterred from 
operation by the apparent gravity or even hopelessness of the case. 

The Prognosis in the intra-cranial complications of suppura- 
tive middle-ear disease is very bad without operation, but good 
with operation in those cases in which a generalized meningitis has 
not occurred. 



OPERATIVE TREATMENT OF INTRA-CRANIAL COMPLICATIONS. 

Assuming that the symptoms and signs are definite enough 
for the diagnosis of the particular intra-cranial complication which 
has arisen in the course of a middle-ear suppuration, the surgeon 
may choose to enter the middle or posterior fossa of the skull, with- 
out previously lajdng bare the original focus in the middle ear and 
its connections in the mastoid cells. Such a procedure would he 
justifiable in a case in which urgent symptoms demanded immediate 
interference, in which the localizing signs and symptoms were very 
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dura mater being exposed. The radical operation was done, the canal split, and 
the mastoid wound stitched. It was twice dressed before December 26th, when 
grafting wa.s done. Dismissed from " Home " on January 10th, with the whole 
tympano-antral cavity skinned except at one small point, at the junction of the 
graft and the upper meatal flap. 

Resitll. — Complete healing of middle ear. Hearing for whispered speech 
good 

Case 3, A. C. — Obstinate otorrkcea. Mastoid tenderness, erosion of tlu sinus 
mastoid ifall. Peristnus (extra-dural) collection of pus. Operation. Recovery. 

Case brought to the writer with mastoid tenderness on Dec. 12th, 1903. 
There was a very small quantity of discharge from a tiny perforation in 
Shrapneli's membrane. The radical mastoid operation was performed on Dec 
ISth. The process was found filled with a large cheesy mass, the sinus-mastoid 
wall was eroded, and round the sinus a large quantity of cheesy pus was found. 
There was no reason to suspect infection of the sinus, for the temperature was 
normal. The sinus was laid bare for an inch of its length, the post-auricular 
wound was stitched, and the further treatment carried out through the external 
auditory canal. 

Result. — The wound healed in five or six weeks, and the case continues 
without discharge or symptom of any kind. Grafting was not done. 

Case 4, D. G., cet- 12. — Old-standing otorrkeea. Cerebellar abscess. 
Operation. Recovery from ahsass. Occurrence of hernia cerebelli. Death at 
later date from an unknoiun cause. 

Admitted to the Royal Infirmary on March 6th, 1900, with an abscess 
behind the left car, and a temperature of 100°, which on the 7th rose to 102". 
On March 9th, a Wilde's incision was made down to the bone through the 
greatly-thickened tissues, and a large quantity of pus evacuated. A large 
polypoid mass existed in the meatus. The history of the case is one of discharge 
of a year's duration, and of mastoid pain and swelling of the post-auricular soft 
parts, of nearly two months' duration, with recently a tendency to be apathetic 
and to talk less than usual. During the first days in the hospital, he was dull 
and irresponsive, slept a great deal, face was immobile, but without paralysis, 
pupils large and equal. The legs were weak, and he could not stand, and could 
only sit for a few seconds without support. Knee-jerks absent. He complained 
little of headache, and vomited only on one or two occasions. 

After the incision of the soft parts on the 7th, the temperature fell, but 
oscillated a little, and on the 16th the mastoid cells were freely opened and the 
granulation masses removed from the canal ; but the radical operation was not 
completed, for the soft parts were still so much thickened that it was difficult to 
work accurately in the deepest parts of the temporal bone. This operation on 
the bone was followed by a fall of temperature to the normal, and on March 
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between the two. The vein should be picked up by an aneurysm 
needle, care being taken not to injure its walls or to include the 
nerve in the ligature. The ligatures should be applied at two places, 
and the vessel cut between. 

Within recent years, the practice has been established of dealing 
even more radically with the jugular vein — by dissecting the cut 
vein upwards as far as possible towards the jugular bulb, ligaturing 
its branches, and removing as much of the vessel as possible. 

It is not an uncommon experience in operating for symptoms 
pointing to an intra-cranial complication, to open the middle fossa 
of the skull and cerebellar fossa, and to find no pus, nor any sinus 
thrombosis. Such a procedure, although unsatisfactory from the 
operator's point of view, is not attended by much danger to the 
patient. If aseptic precautions have been observed, and if any 
discs of bone which have been removed be carefully replaced, Httle 
disturbance occurs, and in some cases the loss of cerebro-spinal fluid 
which follows opening of the dura mater, seems to give relief to the 
patient, and even to cause permanent improvement. 

CASES ILLUSTRATING INTRA-CRANIAL COMPLICATIONS Of 
MIDDLE-EAR StPPURATION. 

The following cases have been chosen with the object of illustra- 
ting the nature of the morbid changes within the cranium which 
follow middle-ear suppuration. In order to do this fairly, it has 
been necessary to choose unsuccessful as well as successful cases : 
indeed, the former best illustrate the subject in hand. 

Case 2, H. C, mt. 13. — Obstinate otorrhea, erosion of tegmen lytnpani. and 
exposure of dura mater. Operation. Recovery. 

At seven years of age measles occurred. During the attack the nasal 
symptoms were bad, and there was pain in the ear, but definite discharge going 
on continuously dates from six months ago, June, 1901, In October, 190I, she 
came with polypi in the left ear. After removal of these the discharge almost 
ceased, but the granulation masses began to sprout Irom a point on the roof of 
the middle ear, where the probe easily detected bare bone. 

Operation (Dec. 14th, 1901). — The tegmen tympani was found eroded and 
perforated, the upper end of the granulation mass projecting through it, and the 





dura mater being exposed. The radical operation was done, the canal split, and 
the mastoid wound stitched. It was twice dressed before December 26th, when 
grafting was done. Dismissed from " Home " on January loth, with the whole 
tympano-antral cavity skinned except at one small point, at the junction of the 
graft and the upper meatal flap. 

Result. — Complete healing of middle ear. Hearing for whispered speech 
good. 

Case 3, A. C. — Obstinate otorrhea. Mastoid tendernesSy erosion of t/ie sinus 
mastoid wa/i. Perisinus (extra-dural) collection of pus. Operation. Recovery. 

Case brought to the writer with mastoid tenderness on Dec. 12th, I903- 
There was a very small quantity of discharge from a tiny perforation in 
Shrapnell's membrane. The radical mastoid operation was performed on Dec 
15th. The process was found filled with a large cheesy mass, the sinus-mastoid 
wall was eroded, and round the sinus a large quantity of cheesy pus was found. 
There was no reason to suspect infection of the sinus, for the temperature was 
normal. The sinus was laid bare for an inch of its length, the post-auricular 
wound was stitched, and the further treatment carried out through the external 
auditory canal. 

Result. — The wound healed in five or six weeks, and the case continues 
without discharge or symptom of any kind. Grafting was not done. 

Case 4, D. G„ mi. 12. — Old-standing otorrhcea. Cerebellar abscess. 
Operation. Recovery from abscess. Occurrence 0/ liernia cerebelli. Death at 
later date from an unknown cause. 

Admitted to the Royal Infirmary on March 6th, 1900, with an abscess 
behind the left ear, and a temperature of 100", which on the 7th rose to 102°. 
On March 9th, a Wilde's incision was made down to the bone through the 
greatly-thickened tissues, and a large quantity of pus evacuated. A large 
polypoid mass existed in the meatus. The history of the case is one of discharge 
of a year's duration, and of mastoid pain and swelling of the post-auricular soft 
parts, of nearly two months' duration, with recently a tendency to be apathetic 
and to talk less than usual. During the first days in the hospital, he was dull 
and irresponsive, slept a great deal, face was immobile, but without paralysis, 
pupils large and equal. The legs were weak, and he could not stand, and could 
only sit for a few seconds without support. Knee-jerks absent. He complained 
little of headache, and vomited only on one or two occasions. 

After the incision of the soft parts on the 7th, the temperature fell, but 
oscillated a tittle, and on the 16th the mastoid cells were freely opened and the 
granulation masses removed from the canal ; but the radical operation was not 
completed, for the soft parts were still so much thickened that it was difficult to 
work accurately in the deepest parts of the temporal bone. This operation on 
the bone was followed by a fall of temperature to the normal, and on March 



between the two. The vein should be picked up by an aneurysm 
needle, care being taken not to injure its walls or to include the 
nerve in the Ugature. The ligatures should be apphed at two places, 
and the vessel cut between. 

Within recent years, the practice has been established of dealing 
even more radically with the jugular vein^by dissecting the cut 
vein upwards as far as possible towards the jugular bulb, ligaturing 
its branches, and removing as much of the vessel as possible. 

It is not an uncommon experience in operating for symptoms 
pointing to an intra-cranial complication, to open the middle fossa 
of the skull and cerebellar fossa, and to find no pus, nor any sinus 
thrombosis. Such a procedure, although unsatisfactory from the 
operator's point of view, is not attended by much danger to the 
patient. If aseptic precautions have been observed, and if any 
discs of bone which have been removed be carefully replaced, little 
disturbance occurs, and in some cases the loss of cerebro-spinal fluid 
which follows opening of the dura mater, seems to give relief to the 
patient, and even to cause permanent improvement. 

CASES ILLUSTRATING INTRA-CRANIAL COMPLICATIONS OF 
MIDDLE-EAR SUPPURATION. 

The following cases have been chosen with the object of illustra- 
ting the nature of the morbid changes within the cranium which 
follow middle-ear suppuration. In order to do this fairly, it has 
been necessary to choose unsuccessful as well as successful cases: 
indeed, the former best illustrate the subject in hand. 

Casic 2, B. C, at. \-^.— Obstinate otorrhcEa, erosion of legmen t;'mpa>u. and 
exposure of dura mater. Operation. Recovery. 

At seven years of age measles occurred. During the attack the nasal 
symptoms were bad, and there was pain in the ear. but definite discharge going 
on continuously dates from si.x months ago, June, 1901. In October, 1901. she 
came with polypi in the left ear. After removal of these the discharge almost 
ceased, but the granulation masses began to sprout Irom a point on the roof of 
the middle car, where the probe easily detected bare bone. 

Operation (Dec. I4.th, 1901).— The tegmen tympani was found eroded and 
perforated, the upper end of the granulation mass projecting through it, and the 
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dura mater being exposed. The radical operation was done, the canal split, and 
the mastoid wound stitched. It was twice dressed before December 26th, when 
grafting was done. Dismissed from " Home" on January lOth, with the whole 
tympano-antral cavity skinned except at one small point, at the junction of the 
graft and the upper meatal flap. 

Rtsuli. — Complete healing of middle ear. Hearing for whispered speech 
good. 

Case 3, A. C. — Obstinate otorrhtsa. Mastoid tenderness, erosion of tlie sinus 
mastoid u.-all. Peristnus (extra-dural) collection of pus. Operation. Recovery. 

Case brought to the writer with mastoid tenderness on Dec. 12th, 1903- 
There was a very small quantity of discharge from a tiny perforation in 
Shrapnell's membrane. The radical mastoid operation was performed on Dec. 
15th. The process was found filled with a large cheesy mass, the sinus-mastoid 
wall was eroded, and round the sinus a large quantity of cheesy pus was found. 
There was no reason to suspect infection of the sinus, for the temperature was 
normal. The sinus was laid bare for an inch of its length, the post-auricular 
wound was stitched, and the further treatment carried out through the external 
auditory canal, 

Result. — The wound healed in five or six weeks, and the case continues 
without discharge or symptom of any kind. Grafting was not done. 

Case 4, D. G., at. 12. — Old-standing otorrhoea. Cerebellar abscess. 
Operation. Recovery from abscess. Occurrence of hernia cerebelli. Death at 
later date front an unknoivn cause. 

Admitted to the Royal Infirmary on March 6th, 1900, with an abscess 
behind the left ear, and a temperature of 100", which on the 7th rose to 102°. 
On March 9th, a Wilde's incision was made down to the bone through the 
greatly-thickened tissues, and a large quantity of pus evacuated. A large 
polypoid mass existed in the meatus. The history of the case is one of discharge 
of a year's duration, and of mastoid pain and swelling of the post-auricular soft 
parts, of nearly two months' duration, with recently a tendency to be apathetic 
and to talk less than usual. During the first days in the hospital, he was dull 
and irresponsive, slept a great deal, face was immobile, but without paralysis, 
pupils large and equal. The legs were weak, and he could not stand, and could 
only sit for a few seconds without support. Knee-jerks absent. He complained 
little of headache, and vomited only on one or two occasions. 
I After the incision of the soft parts on the 7th, the temperature fell, but 

I oscillated a little, and on the 16th the mastoid cells were freely opened and the 
granulation masses removed from the canal ; but the radical operation was not 
completed, for the soft parts were still so much thickened that it was difficult to 
work accurately in the deepest parts of the temporal bone. This operation on 
I the bone was followed by a fait of temperature to the normal, and on March 
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between the two. The vein should be picked up by an aneurysm 
needle, care being taken not to injure its walls or to include the 
nerve in the ligature. The ligatures should be applied at two places 
and the vessel cut between. ' 

Within recent years, the practice has been established of dealin^ 
even more radically with the jugular vein— by dissecting the cutl 
vein upwards as far as possible towards the jugular bulb, ligaturin; 
its branches, and removing as much of the vessel as possible 

It is not an uncommon experience in operating for sympto 
pointing to an jntra-cranial complication, to open the middle fossa 
of the skull and cerebellar fossa, and to find no pus, nor any sinus , 

thrombosis. Such a procedure, although unsatisfactory from the ^M 
operator's point of view, is not attended by much danger to the ^| 
patient. If aseptic precautions have been observed, and if any ^^ 
discs of bone which have been removed be carefully replaced Uttle 
disturbance occurs, and in some cases the loss of cerebro-spinal fluid 
which follows opening of the dura mater, seems to give relief to the 
patient, and even to cause permanent improvement. 

CASES ILLIISTR4T1NG INTRA-CRANIAL COMPLICATIONS OF 
MIDDLE-EAR SUPPURATION. 

The following cases have been chosen with the object of illustra- 
ting the nature of the morbid changes within the cranium which 
follow middle-ear suppuration. In order to do this fairly, it has 
been necessary to choose unsuccessful as well as successful cases : 
indeed, the former best illustrate the subject in hand. 

Case 2, B. C, mt. \\— Obstinate otorrhara, erosion of legmen tympani, and 1 
exposure of dura mater. Operation. Recovery. 1 

.At seven years of age measles occurred. During the attack the nasal ' 
symptoms were bad, and there was pain in the ear, but definite discharge going 
on continuously dates Trom six months ago, June, 1901. In October, 1901, she 
came with polypi in the left ear. After removal of these the discharge almost I 
ceased, but the granulation masses began to sprout from a point on the roof of J 
the middle ear, where the probe easily detected bare bone. 

Operation (Dec. 14th. 1901). — The legmen tympani was found eroded and 
perforated, the upper end of the granulation mass projecting through it, and the 
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dura mater being exposed. The radical operation was done, the canal split, and 
the mastoid wound stitched. It was twice dressed before December 26th, when 
grafting was done. Dismissed from "Home" on January loth, with the whole 
tympano-antral cavity skinned except at one small point, at the junction of the 
graft and the upper meatal flap. 

Result, — Complete healing of middle ear. Hearing for whispered speech 
good 

Case 3, A. C. — Obstinate otorrhea. Mastoid tenderness^ erosion of the sinus 
mastoid wall. Perisinus (extra-dural) collection of pus. Operation. Recovery. 

Case brought to the writer with mastoid tenderness on Dec. 12th, 1903. 
There was a very small quantity of discharge from a tiny perforation in 
Shrapnell's membrane. The radical mastoid operation was performed on Dec. 
15th. The process was found filled with a large cheesy mass, the sinus-mastoid 
wall was eroded, and round the sinus a large quantity of cheesy pus was found. 
There was no reason to suspect infection of the sinus, for the temperature was 
normal. The sinus was laid bare for an inch of its length, the post-auricular 
wound was stitched, and the further treatment carried out through the external 
auditory canal. 

Result. — The wound healed in five or six weeks, and the case continues 
without discharge or symptom of any kind. Grafting was not done. 

Case 4, D. G., CRt. 12. — Old-standing otorrhoea. Cerebellar abscess. 
Operation. Recovery from abscess. Occurrence of lurnia cerebelli. Death at 
later date from an unknown cause. 

Admitted to the Royal Infirmary on March 6th, 1900, with an abscess 
behind the left ear, and a temperature of 100*^, which on the 7th rose to 102*^. 
On March 9th, a Wilde's incision was made down to the bone through the 
greatly-thickened tissues, and a large quantity of pus evacuated. A large 
polypoid mass existed in the meatus. The history of the case is one of discharge 
of a year's duration, and of mastoid pain and swelling of the post-auricular soft 
parts, of nearly two months* duration, with recently a tendency to be apathetic 
and to talk less than usual. During the first days in the hospital, he was dull 
and irresponsive, slept a great deal, face was immobile, but without paralysis, 
pupils large and equal. The legs were weak, and he could not stand, and could 
only sit for a few seconds without support Knee-jerks absent. He complained 
little of headache, and vomited only on one or two occasions. 

After the incision of the soft parts on the 7th, the temperature fell, but 
oscillated a little, and on the i6th the mastoid cells were freely opened and the 
granulation masses removed from the canal ; but the radical operation was not 
completed, for the soft parts were still so much thickened that it was difficult to 
work accurately in the deepest parts of the temporal bone. This operation on 
the bone was followed by a fall of temperature to the normal, and on March 
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26th it was noted that for six days the temperature had been normal or sub- 
normal, but that the left pupil was smaller than the right At this time die 
respirations were irregular in rate, varying from 18 to 32, the pulse from 80 to 
140, but there was hardly any disturbance of temperature. On March 28th the 
cerebellum was opened, and a large quantity of pus evacuated. The case did 
well till April 13th, when the temperature — which since the operation of March 
28th had continued almost normal — suddenly shot up to 102*6^. For a week 
the temperature was disturbed, varying from the normal to about loi'S^. On 
May 22nd it again resumed the normal ; but in the meantime a very distinct 
hernia cerebelli had formed, and on May 28th the patient was anaesthetized, the 
cerebellum was searched for further abscess, but without result, and the protrud- 
ing mass of cerebellar tissue shaved off. The cerebellum again became exuberant, 
and on July 4th the mass was again excised, but no further collection of pus was 
found. About this time the patient, who for six weeks was walking about the 
wards, became anxious to leave the hospital, as he felt quite well, and in spite of 
protest he ran off to Ireland. Nothing more was heard of him till late in 
August, when he presented himself at the out-door ear department with his 
wound nearly healed, but himself looking ill. The writer was on holiday at this 
time, and the house surgeon, who saw him, arranged that the patient should 
return for examination by him, but in the interval the patient's father sent word 
that the patient died after a three days' illness, in his own home. The cause of 
death, and the details of the symptoms which led up to death, were not 
ascertained. 

Case 5, W. S., at. 26. — Old-standing otorrhoea. Mixed intra-cranial 
infection. Cerebellar abscess, sinus thrombosis^ meningitis. Operation for abscess, 
opening of sigmoid sinus, tying of jugular vein. Death from meningitis. 

He consulted the writer for pain in the ear, on Dec. 18th, 1902. The case 
was one of chronic suppurative disease of the left middle ear, of eighteen years' 
standing, commencing in scarlet fever. He was given directions for treatment, 
and requested to return in two days. On Dec. 20th the writer was called to his 
house, to find him feverish and with tenderness over the mastoid process. On 
the 2 1st, pus was found to be discharging from the posterior wall of the meatus, 
and the probe struck bare bone there. The pain and tenderness were less. On 
the 22nd the temperature rose again to 102°, and there was a rigor. The writer 
recommended immediate operation, but not until next day was permission 
given, when a second rigor had occurred. He was removed at once to a nursing 
home, and when on the same afternoon he was put on the operating table his 
temperature was 104^. 

First operation. — The radical mastoid operation was performed. The 
mastoid cells were found filled with pus, the bone between the sigmoid sinus and 
the cells was diseased, and the sinus wall itself was surrounded by curdy pus. 
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Further, the probe was found to pass from the antrum through the tegmen antri 
into the temporo-sphenoidal lobe of the brain, but no collection of pus was found 
there. Such tangible cause having been found for the symptoms, nothing further 
was done. The temperature fell at once to the normal, and remained so for 
twenty-four hours. On the 25th it reached ioi*8^, and on the 26th 103*8®, and 
a slight rigor occurred. 

Second operation, — Suspicions which at the first operation rested on the 
sigmoid sinus were thus strengthened, and on the 26th the sinus was tested with 
a needle, but no blood found. The writer therefore proceeded to tie the jugular 
vein in the neck, afterwards splitting the sinus. The latter was packed. Next 
day a probe was passed into the jugular bulb from the split sinus, and some 
decomposing fluid blood brought out Neither in the sinus nor in the wound 
was any evidence of decomposition discovered at any subsequent dressing, and 
no rigor ever again occurred in the subsequent history of the case. On the 27th 
the temperature again fell to the normal, and for five days the case seemed to 
go on well, no temperature of over 100*4® being registered. But on Jan. 2nd, 
I9^3> it rose to 103*4®, and on the 3rd and 4th was nearly as high. 

Third operation, — On the latter date a disc of bone was removed by the 
trephine, and the cerebellum searched for pus. Finding none, the writer 
removed a second disc over the temporo-sphenoidal lobe, again with negative 
results. The operation was exploratory in intention, neither the pulse nor any 
other feature pointing to abscess. There was no retraction of the neck, no optic 
neuritis, no headache, no vomiting. On the other hand there was no definite 
sign of meningitis except perhaps a little irritability, although of course the 
possibility could not be excluded. From Jan. 4th till 12th, the temperature 
continued high: on the 6th it was 105®. Morphia had to be given occasionally 
for restlessness, slight sickness was common, and once or twice food came back 
in connection with slight cough. The pulse, which generally had been 100 to 
120, fell to 84 to 90. Occasional crying took place, and undoubted retraction of 
the neck set in. The treatment during the week was by daily injections of anti- 
streptococcus serum of 10 cc each. Beyond causing a temporary fall of 
temperature, these injections did not appear to have any effect On Jan. 1 2th 
the writer determined again to open the cerebellum by removing the bony disc. 
A very slight use of the probe made pus flow, and it was found to come from just 
behind the thrombosed sinus. On the following day, the sinus was slit from the 
mastoid wound into the abscess cavity, and thorough drainage established ; in 
all about three drams of pus were removed from the cerebellum. But in spite of 
this the symptoms of meningitis became well marked, the pulse rose to 112, coma 
deepened, the left pupil became contracted, ankle clonus was well marked, the 
patient passed urine in bed and swallowed badly, and he died late on Jan. 14th 
(the 28th day, of the acute symptoms). 
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Post'mort€$n examination, — The head was opened on Jan. i6th. No 
changes were noticeable on the upper surface of the brain. The cerebellar 
abscess was found quite empty, and the cerebellum itself softened and destro)red 
to the extent of over half its left lobe. The temporo-sphenoidal lobe showed 
no signs of pus or other evidence of disease. The transverse portion of the 
lateral sinus was filled with firm, healthy clot A moderate lepto-meningitis 
extended across the cerebellum and down into the spinal cord, crossing the 
middle line of the cerebellum to the right lobe. 

Case 6, A. B. — Cerebellar abscess. Operation, Recovery. 

Was admitted to Dr. McVail's Ward III, Royal Infirmary, on June i6th, 
1902, in a collapsed, semi-conscious state. After admission it was discovered 
that dischai^e was coming from the right ear. The note in Dr. McVail's journal 
states that the right ear was discharging a very foul pus, which was also coming 
down into the back of the nose along with some altered blood, evidently throi^ 
the Eustachian tube. The writer was asked to see him on the afternoon of the 
17th. He had a slow pulse, a sub-normal temperature ; there was a history of 
giddiness, and of increasing stupor. A foul-smelling pus came from the right 
ear, and bare bone was detected by the probe in the middle ear. The writer 
gave the opinion that there was intra-cranial abscess, and advised immediate 
operation. In the meantime oxygen and stimulants were being used to keep 
the patient alive. The pulse was slow, the heart sounds weak, the temperature 
sub-normal, there was copious perspiration, and the general condition of the 
patient was collapsed. Still, operation was decided upon. 

Operation, June 1 8th, 1902. — The radical operation was performed during 
the afternoon ; the mastoid cells were found filled with foul-smelling pus. The 
mastoid wound was now enlarged backwards, and the cerebellum searched from 
this opening. Three or four drams of foul-smelling pus were made to flow from 
the wound between the blades of the sinus forceps, and the abscess cavity was 
packed with a strip of iodoform gauze. At once improvement set in. Stimu- 
lant was continued, and oxygen administered for some days. Dressing was 
done every third or fourth day, and at each dressing some pus came from the 
extended mastoid wound. For the first six days after the operation the 
temperature was sub-normal (96® to 98®). On the 7th and 17th days after the 
operation, there was slight rise of temperature, but on both occasions this 
subsided under a dose of castor oil. No other febrile temperatures occurred. 
The pulse, which was 60 at the operation, did not rise till the fourth day, when 
it reached 96. After this date no notable variations occurred. The mastoid 
wound closed gradually, and the patient was dismissed on August 26th, well, 
except for a very slight discharge from the middle ear. This patient was last 
seen at the beginning of 1904, and was then well. 
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Case 7, H. McT., cbL 19. — Chronic ffiu^dle-ear suppuration {uniiateral). 
Operation for cerebellar abscess. Death from abscess on the opposite side of 
cerebellum (unaffected ear). 

Admitted to the Royal Infirmary on Oct. 24th, 1902, suffering from chronic 
suppuration of the left middle ear, dating from early infancy. A polypus 
projected from the left external auditory canal, with an attachment to the 
tympanic attic The discharge was very foul. The other ear was normal. 
The radical operation was performed on Nov. 5th. The bone was sclerosed, 
the antrum very small, and no other mastoid cells were found. No communi- 
cation with either the middle or the posterior fossa of the skull was found. The 
case did well without event till Dec. 2nd, when the temperature rose to ioo'4° ; 
on the 6th it reached 103^, but on the 8th it had again fallen to the normal, 
where it remained for a week. On the 16th the temperature reached 100*6^, 
and on the 17th 103*6^. During all this time the pulse was slow, generally 
about 80, but sometimes as low as 60, and it did not reach over 80 on the 
l6th and 17th, when the temperature sprang upwards. There was also some 
drowsiness as early as Dec. 9th, but no twitching and no headache. It was 
pretty clear that there was a brain abscess, but there was very little to guide one 
as to its locality. On Dec. 25th the writer was summoned, to find the patient 
much worse, and operated at once, searching both the temporo-sphenoidal and 
cerebellar fossae of the left side without result The patient became comatose, 
and died on Dec. 29th. 

Thit post-mortem^ which was conducted by Dr. Workman and Dr. McLaren, 
showed an unexpected state of affairs. It is given here by Dr. McLaren. 
" There were one or two small openings into the brain behind the left ear. The 
abscess was on the right lobe of the cerebellum, very close to the middle line. 
It had burst into the fourth ventricle, and extended to the third and lateral 
ventricles. The abscesi in the cerebellum was about the size of a garden bean. 
The membranes on the inferior surface of the cerebellum were somewhat opaque, 
as if a suppurating inflammation were commencing. There was no sinus 
thrombosis. Dr. Workman suggests that the disease had extended by the 
lymphatics." 

Case 8, M. B., at, 18. — Recent middle-ear suppuration, faundice and 
metastatic Joint affections. Meningitis. Death, 

Seen by the doctor in charge on April nth, 1903, suffering from fever and 
disturbance of stomach, the latter having lasted a fortnight. The temperature 
was 102®. There were no lung symptons. The girl complained of pain in the 
right ear on the 13th, and on the 14th pus was found in the meatus, and there 
was tenderness over the mastoid process. There were no throat symptoms. 
The tongue was thickly coated, the bowels constipated, and the breath foul. 
The temperature fluctuated between normal and 104° till April 29th, when the 

17 
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tympanic membrane was slit up by the writer, the patient being under chlorofomL 
This gave relief from the symptoms for two or three days, and there was during 
that time normal temperature ; then the right ankle became painful, jaundice 
appeared, and on May 4th, friction was discovered in the region of the right 
nipple. Subsequently the first inter-phalangeal joint of the right ring fing^ 
became painful and red. The temperature had risen again, and continued ao, 
ranging sometimes to 104^ The pulse was 12a For some time die writer, 
who was seeing the case with Dr. Leitch, had urged the need for the radical 
operation, although there had not been any mastoid tenderness since the rupture 
of the middle-ear abscess on April 14th. The suggestion was, however, dis- 
couraged by the parents, and on May nth Dr. Parry was asked to see the 
patient It was agreed that in view of the considerable fall in teraperature whidi 
had occurred on that morning, operation might be deferred, but that should the 
temperature rise again, operation should be done at once. The jaundice had in 
the meantime disappeared, and the joint affections were better, liut on the 
morning of the 12th the temperature rose to 105^, and there was a ngor, so the 
operation was performed by the writer at 1 1 am. on that day. On the operating 
table the first signs of a meningitis were displayed, in the form of twitching of 
the fingers. All the mastoid cells, to the posterior border of the mastoid 
process, and to its tip, were filled with granulation tissue. The sinus wall was 
exposed at the knee, but it was bluish and otherwise normal, so it was not 
opened. The mastoid antrum, which was very deep, was opened after ablation 
of all the other cells, and was found full of yellowish-green pus. The wound 
was left open, and packed from behind. The patient died the same night at 7. 30 
p.m. with a temperature of io6'4*^. 

The bacteriological examination of the pus taken from the middle ear 
showed the pneumococcus of Franckel almost in pure culture, and in such 
numbers as to suggest that it was the important agent in the infection. The 
staphylococcus pyogenes aureus and a short streptococcus were also found in small 
numbers. 

Case 9, J. L., cet. 18. — Obstinate otorr/icea. Mastoid tenderness^ onset of 
meningeal symptoms. Immediate operation on mastoid process. Operation for 
perisinus abscess. Tying of fug ular vein. Death from meningitis. 

This was a case of chronic middle-ear suppuration, the result of scarlet fever 
in childhood. On June isth, 1904, he was discovered to have a temperature of 
103°, and there was a tenderness over the right mastoid process. The writer was 
called m consultation, and the radical mastoid operation was performed on the 
afternoon of the same day. All the mastoid cells were found to contain stinking 
pus. During the operation, the dura of the middle fossa of the skull was 
exposed, but seemed sound, and was not further disturbed. The posterior wall 
of the process towards the sinus seemed sound, and the sinus wall was not laid 
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same afternoon, therefore, the internal jugular vein was tied, and as a small 1 


greenish discoloration of the bone next the sinus wall was discovered, the sinus 1 


was laid bare, and a large pcrisinus abscess evacuated. Here, too, the pus M 


^k ^. * 



was evil-smelling. The sinus itself was split and found nearly empty, but its 
interior was curetted, and its caviiy packed with iodoform gauze. For a week 
the temperature continued to oscillate, usually between 99° and 104". but on 
two occasions becoming sub-normal, and on two occasions going above (04°, 
There were four rigors during this period. From the direction of the jugular 
bulb a dark-coloured, stinking pus could be mopped out by cotton tips passed 
well down. The drainage seemed bad, in spite of the fact that the patient was 
kept lying on the right side, so it was decided on June 25th to carry the bony 
wound downwards and forwards across the digastric groove into the ba.se of the 
skull, so that when the patient lay on his back, the jugular bulb would drain into the 
wound. For a couple of days before the operation a decided swelling appeared 
on the side of the neck, behind the sterno-mastoid, and as the wound in the neck 
heated perfectly, the conclusion was drawn that pus must exist amongst the 
deeper muscles, or perhaps round the jugular bulb itself. This opinion seemed 
corroborated by the fact that deep pressure over the swelling caused a little pus to 
well up into the split sinus During the operation no pus was discovered among 
the deeper muscles, although after tying the occipital artery a careful search was 
made. On the 26th, the morning after the operation, the temperature fell to 
97", but about mid-day it rose again to 103", and a rigor occurred. On this day 
also the nurse reported that evil-smelling pus had been discovered in the other 
ear, and on examining this ear, the internal tympanic wall was found to be bare^ 
At first the patient did not seem to think that there had been anything wron& 
with this ear, but a careful cross-examination brought out the information th^ 
this ear, like the other, had occasionally discharged since the attack of scarlet fev^ 
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defined meningitis. The chief symptoms were high fever, with, however, gre^ 
remissions, and repeated rigors ; the pulse became rapid, ranging from i to 5;-^ 
160 ; there was little or no vomiting ; the respirations became more rapid, b^^^ 
never displayed the Cheyne-Stokes character ; no rigidity of the muscles "flfcr-]. 
neck occurred, nor did any eye-symptoms appear. The general condition of I^^„ 
patient, however, was that of increasing restlessness, and little sleep was g^cz^t 
On July 2nd there was a good deal of muttering delirium, and as the tension j^ 
the brain was found to be very great, an incision was made in the inner wall of 
the open sinus. In the meantime the wound, including the jugular bulb, W a<J 
become well drained and comparatively aseptic. A large amount of cereb -mrcf 
spinal fluid exuded through the incision, but in spite of the relief to prcss^w—ire 
thus afforded, the patient became comatose, and died on the same evening. Ji 

post-mortem examination could not be got. 

These cases form a strong argument for the operative treatment 
of chronic middle-ear suppuration, before intra-cranial infection 
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^'has taken place. When that infection is a single one, and when 
no meningitis takes place, e.g., in abscess, the results of operative 
treatment are good. When the infection is a mixed one, e.g., abscess 
with sinus infection, the results are still good, although a large 
number of sinus cases die of pyaemia in some form. When menin- 
gitis is added as a complication, recovery is rare. 

On the other hand, operation for obstinate middle-ear 
suppuration which has withstood prolonged cleansing and drying, 
is a safe procedure ; and if practised more largely, would anticipate 
many of the intra-cranial complications which occur, and reduce 

, the death-rate from middle-ear disease. A study of the history of 
he case, the presence or absence of mastoid tenderness or pain, 
ind the use of the mirror and speculum, will enable the practitioner 
t select the cases suitable for operation. 

Ear Disease and Life Insurance.— If suppurative middle-ear 
lisease is such a constant menace to life, its existence must be 
taken into account in examining candidates for hfe insurance. 
But it is not necessary to slump these cases, and reject all applicants 
■who have or have had continued discharge from the middle ear. 
Discharge which has ceased, even if it had lasted for years, should 
not be made the reason for rejecting a life. If the perforation in 
the tympanic membrane have healed, and if no discharge have 
occurred for some years, the life may be taken at ordinary rates. 
If the middle ear be open, much of the tympanic membrane having 
disappeared, the life should be taken only at an extra, for the 
tissues within the middle ear are more vulnerable to attack from 
the direction of the Eustachian tube and the external auditory 
meatus than those of a healthy tympanum, and the patent 
perforation makes such attack much more likely ; e.g., by the 
entrance of dust, or (during sea-bathing) of water. It is better not 
to accept a case of uncured chronic middle-ear discharge at all. 
If acceptance be insisted on, the extra must be a high one. If 
there be mastoid tenderness, or a history of mastoid pain, the life 
should be absolutely rejected. If the discharge cease as the result 

Lment, and continue absent for a year, mastoid complications, 



between the two. The vein should be picked up by an aneurysm 
needle, care being taken not to injure its walls or to include the 
nerve in the hgature. The ligatures should be applied at two places, 
and the vessel cut between. 

Within recent years, the practice has been established of dealing 
even more radically with the jugular vein — by dissecting the cut 
vein upwards as far as possible towards the jugular bulb, ligaturing 
its branches, and removing as much of the vessel as possible. 

It is not an uncommon experience in operating for symptoms 
pointing to an intra-cranial complication, to open the middle fossa 
of the skull and cerebellar fossa, and to find no pus, nor any sinus 
thrombosis. Such a procedure, although unsatisfactory from the 
operator's point of view, is not attended by much danger to the 
patient. If aseptic precautions have been observed, and if any 
discs of bone which have been removed be carefully replaced, little 
disturbance occurs, and in some cases the loss of cerebro-spinal fluid 
which follows opening of the dura mater, seems to give relief to the 
patient, and even to cause permanent improvement. 

CASES riLUSTRATING INTRA-CRANIAL COMPLICATIONS OF 
MIDDLE-EAR StPPtRATION. 

The following cases have been chosen with the object of illustra- 
ting the nature of the morbid changes within the cranium which 
follow middle-ear suppuration. In order to do this fairly, it has 
been necessary to choose unsuccessful as well as successful cases: 
indeed, the former best illustrate the subject in hand. 

Case 2, B. C, mt. 13. — Obstinate otorrham, erosion of tegmen SvmpiXni. and 
exposure of dura mater. Operation. Recovery. 

At seven years of age measles occurred. During the attack the nasal 
symptoms were bad, and there was pain in the ear. but definite discharge going 
on continuously dates from six months ago, June, 1901. In October, 1901, she 
came with polypi in the left ear. After removal of these the discharge almost 
ceased, but the granulation masses began to sprout from a point on the roof of 
the middle ear, where the probe easily detected bare bone. 

Operation (Dec. 14th, 190O— The tegmen tympani was found eroded and 
perforated, the upper end of the granulation mass projecting through it, and the 




Chapter X 

DISEASES OF THE INTERNAL EAR. 

Nebulous condition of our Knowledge of these Diseases — Etiology of Internal- Ear 
Deafness — General Sjmiptoms — Meniere's Disease and Symptoms — Inflamma- 
tion of the Labyrinth — Syphilitic Disease of the Internal Ear — Internal-Ear 
Disease due to other Constitutional States— Otalgia— Aids to Hearing. 

On the whole, our knowledge of the etiology and diagnosis of the 
diseases of the ear which up till now we have been considering, 
is exact. It is different with regard to the last group of diseases 
which must come under review — diseases of the internal ear. This 
contrast is due to two causes. The internal ear cannot be seen 
through a speculum, nor tested by a probe ; and, although we 
can in testing it bring to bear the special stimulus for the 
reception of which it exists — sound — this, as we shall see, carries 
us but a short way towards exact or accurate diagnosis. In the 
above respect, the eye affords a striking contrast to the ear ; for 
the expansion of the optic nerve can be examined by the ophthalmo- 
scope, in a way in which it is impossible ever to examine the 
expansion of the auditory nerve. The second reason for the want 
of definition in the diagnosis of the different conditions which 
affect the internal ear, is that the opportunities for correcting 
clinical observation by subsequent post-mortem examination are 
necessarily few, and the manipulations for thoroughly carrying 
out the latter are difficult and tedious. 

In this latter respect, diseases of the internal ear stand out in 
striking contrast to the suppurative middle-ear affections which 
cause intra-cranial complications. It is only recently that we have 
been put in possession of anything like a true pathology and effective 
treatment of these intra-cranial complications. When death does 
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follow such complications, the event is not long deferred, and it is 
easy to lay the morbid conditions alongside the clinical manifesta- 
tions and complete the picture. But internal-ear diseases seldom 
kill their victims ; when death occurs it is from some probably 
unassociated cause or disease, and happens long after the onset ol 
the deafness. These facts, taken along with the great diflficulty 
of making examination of the internal ear after death, account 
for the nebulous state of our knowledge on this subject. 

By sound tests, as we have seen (pp. 64-81), it is generally 
possible to distinguish an affection of the sounds-perceiving from 
one of the sound-conducting apparatus. In the case of deafness 
due to the former, the sound tests show a decided diminution of 
the duration of bone-conduction hearing (Schwabach's test); a 
superiority of aerial over bone-conduction hearing (^Rinne's test) +; 
and a lowering of the upper tone limit (deafness for the highest 
notes). If along with these results it be found by examination with 
the mirror and speculum that the tympanic membrane is normal, 
and if the Eustachian tube be patent, disease of the internal ear, of 
the auditory nerve, or of the auditory centres, may be diagnosed. 

The commonest cause of disease of the internal ear, is 
previous disease of the middle ear. Any acute disturbance in the 
tympanum, may set up temporary disturbance in the labyrinth. 
This it does by altering the normal pressure conditions within the 
labyrinth, as conducted thereto by the round or oval windows, or 
by altering the normal circulatory conditions, and causing anaemia, 
liyptTcTmia, or even bleeding. In the non-suppurative inflammations 
of the tympanum, in caisson disease, and in anything which suddenly 
or for a long time alters intra-tympanic pressure, secondary labyrin- 
thine changes often occur. In this connection otosclerosis, either 
f)rr sc or associated with naso-pharyngeal affections, should be 
specially remoniborod ; the labyrinthine affections in otosclerosis 
bluing, however, due to trophic changes in the bony capsule of the 
labyrinth. 

In suppurative middle-ear affections, the labyrinth is often 
involveil in the infective and destructive processes, although 
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considering the extent to which these processes invade surrounding 
structures (mastoid, brain, etc.), it is astonishing how seldom the 
labyrinth is involved. Fistulous openings into it occur often in 
the middle-ear complications of the infectious fevers — scarlet fever, 
measles, etc. Cario-necrotic changes occur to a limited extent, 
even in the more innocent forms of middle-ear suppuration, and 
to an extent sometimes involving the whole labyrinth, in the 
tubercular affections of young children. 

From the side of the brain, the labyrinth is often threatened, 
and may be quite destroyed. This is most commonly the case in 
deaf-mutism, where the cause of deafness is almost always labyrin- 
thine, and where the causative disease is oftenest meningitis and 
epidemic cerebro-spinal meningitis. Brain affections of any kind — 
abscesses, tumours, etc. — may by pressure cause deafness, which, 
whether labyrinthine or not, is at least a nerve deafness. 

Nervous deafness is sometimes due to injury ^ as the result of 
accident in which the skull is fractured or otherwise injured by 
falls, blows on the head, etc. The action of very loud sounds 
— explosions, the noise of rivetting, boiler-making, etc., — produces 
labyrinthine deafness, either suddenly or by long-continued action 
on the expansion of the auditory nerve. 

Many drugs ^ administered internally, disturb the labyrinth. 
The chief of these perhaps are, quinine, the salicylates, and tobacco. 
Hereditary tendency is a common factor in the etiology of 
labyrinthine disease. If we exclude deaf-mutism, this tendency 
is oftener displayed about middle life as an otosclerosis, than in 
childhood, but hereditary syphilis accounts for a good many cases 
of internal-ear deafness during the earlier decades of life. 

GENERAL SYMPTOMS. 

The general symptoms of disease of the internal ear are : (i) 
Deafness : (2) Giddiness ; (3) Subjective noises, or Tinnitus aurium. 

I. The Deafness which attends disease of the internal ear is 
seldom moderate in degree ; it is either very profound, or very 
slight. Haemorrhage into the labyrinth, syphilis of the labyrinth, 
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destruction of the labyrinth by meningitis or by the acute infectious 
fevers, destroy the nervous elements either in whole or in part. 
Similarly, the prolonged action of loud sounds produces a high 
degree of deafness, although the nervous elements are not annihilated 
here. On the other hand, hyperaemia and anaemia may produce 
only a slight or even a temporary deafness. The cases in which 
a moderate degree of deafness results from a labyrinthine afiEection, 
are those in which the internal ear has become affected by the 
spreading from the middle ear of a non-suppurative lesion, and 
here the middle ear is usuallv the chief cause of the deafness. 

Hearing may exist only in patches or islands, parts of the cochlea 
being destroyed, while the parts left are partly injured, or intact. 
This will be fully illustrated when discussing deaf-mutism, as it is 
amongst deaf mutes that this peculiarity is almost exclusively found. 

In most cases of deafness due to disease of the labjointh, and 
in many cases in which a labyrinthine affection has succMded a non- 
suppurative middle-ear disease, there is great lowering of the upper 
tone Umit. This is not surprising, when we consider that apprecia- 
tion for high notes belongs to that part of the cochlea which lies next 
the middle ear (see Plate II). On the other hand, in cases of internal- 
ear deafness, hearing for upper tones may be all the hearing that 
is left, and by its presence may afford all the appreciation for lower 
tones — tones of the voice — which exist. The primes of the voice 
tones are unheard in these cases, but the higher partials are, and 
there is reason to suppose that appreciation for vowel sounds may 
thus be preserved, e.g., in certain cases of deaf-mutism. 

When the degree of deafness varies much, the usual cause is 
alteration of the air-pressure within the middle ear. Such variation 
indicates a recent as against a chronic middle-ear affection, and is 
of hopeful prognosis. Variation in hearing may occur also in 
labyrinthine affections when the auditory nerve becomes fatigued, 
when the attention of the deaf person is distracted by several voices 
speaking at one time, and when the deaf person is fatigued or 
indisposed. Such variations are most marked in neurasthenic 
individuals. 



GENERAL SYMPTOMS, 267 



Paracusis, in the sense of depraved or aberrant as against 
deficient hearing, may take the form of paracusis loci, in which a 
patient who has lost the hearing in one ear fails to determine the 
direction from which a sound proceeds. This aberration of hearing 
characterizes many cases in which, either by nature or by operation, 
all active disease has long since been made to cease. 

Paracusis Willisii is the term given to that peculiarity by 
which many deaf persons hear better in a noise, such as that of an 
engineering shop, or when travelling in a railway train. It has been 
explained by supposing that the violent vibration makes the stiffened 
or ankylosed ossicles more receptive to sound-waves, or that the 
ordinarily irresponsive auditory nerve is made more responsive by 
the action of violent vibration. It probably means that a middle- 
ear affection is well established, and that secondary changes in 
the labyrinth have already begun. 

Hyperacusis, or over-sensitiveness of the auditory nerve, 
characterizes the early stages of many of the acute fevers, and the 
early stages of some cases of otosclerosis. It is also a feature of 
some cases of mental excitement. 

A rare condition, met with in some cases of labyrinthine disease, 
is the appreciation of the same note as of two different pitches. 
The writer has met with this peculiarity in a musical patient, who 
suffered from a middle-ear catarrh of some months standing, whose 
hearing ultimately improved greatly, and from whose case the 
peculiarity here noted ultimately disappeared. It was probably 
due to some local increase of tension within the labyrinth of the 
affected side. 

2. Vertigo or Giddiness, as a symptom of aural disease, is 
much less frequent than either deafness or tinnitus. It is sometimes 
due to a cause within the external auditory canal, such as a foreign 
body or a mass of cerumen. Oftener it is caused by syringing the 
ear, in the effort of the practitioner to remove these obstructions. 
When the membrane is perforated, the current of water from 
the syringe may cause vertigo by its impact on the stapes or on 
the exposed fenestrae. Manipulation about the ossicles — if the 
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instrument used disturb the stapes — may set up vertigo. In any 
middle-ear disease vertigo indicates either an increase of intra- 
labyrinthine pressure, or in suppurative middle-ear disease it may 
mean the invasion of the lab>Tinth by the purulent process. 
Vertigo may also be caused by the sudden increase of intra- 
tympanic pressure, occurring during inflation of the middle ear. 

Vertigo is a symptom in many cases of internal-ear disease. 
When it is very violent, very sudden, is accompanied by deafness 
and tinnitus, and by vomiting and general collapse, the combination 
constitutes the symptom-complex of Meniere* s disease — ^haemorrhage 
into the labyrinth. Occurring as a symptom during an intra- 
cranial complication of a middle-ear suppuration, vertigo indicates 
a cerebellar abscess or a meningitis. Vertigo due to extra-aural 
causes is very common. The commonest of these causes are 
probably gastric disturbances and arterio-sderosis. In these cases 
tinnitus and deafness are usually absent, but in no case of vertigo 
should an examination of the ears be omitted. Like tinnitus, 
vertigo is an uncommon symptom in the ear affections of children. 
The age of the patient, his habits, and the presence or absence of 
other ear symptoms, enable the practitioner to locaUze its cause in 

most cases. 

3. Tinnitus Aurium. — Tinnitus as a symptom has been noticed 
in connection with many of the diseased states of the external and 
middle ears. It is present also in the diseases peculiar to the internal 
ear. Further, it is a feature of many general conditions in which 
the ear, apart from the tinnitus, is not involved. A review of the 
causes of tinnitus will tend to the proper appreciation of this 

symptom. 

The aural causes of tinnitus are numerous. Ceruminous collec- 
tions, aural polypi, and foreign bodies in the external auditory 
canal, all cause tinnitus. The symptom is not an invariable result 
of such conditions- -indeed it is oftener absent than present — and 
it disappears on the removal of the cause. It is usually only 
moderate in degree. It is, if there is no middle-ear affection present 
at the same time, a reflex conveyed by the fifth nerve. The use of 
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the aural syringe, and manipulations within the tympanic cavity, 
may give rise to tinnitus. As a symptom of middle-ear disease, 
tinnitus is very common, and certainly occurs in more than half 
the cases of middle-ear disease which come before the practitioner. 
In inflammations of the tympanic membrane, in acute catarrh of 
the middle ear, and in acute suppuration within the tympanum, 
tinnitus is the rule. Even when no serious secondary labyrinthine 
affection is set up by acute inflammation of the middle ear, there 
is hyperaemia of the labyrinthine vessels, and tinnitus is the result. 
The symptom is also in many of these cases due to pressure exerted 
through the fenestrae by the fluid contents of the tympanum. When 
the middle-ear inflammation subsides, or when the tension within 
the drum cavity is relieved by rupture of the tympanic membrane, 
the tinnitus disappears. Alterations in the tympanic air pressure 
occurring during acute middle-ear inflammations, also produce 
tinnitus — the intra-labyrinthine pressure varying with that of 
the tympanum, and that of the latter cavity varying with the amount 
of obstruction of the Eustachian tube. 

Tinnitus is a fairly common attendant on chronic suppurative 
processes occurring within the tympanum; and here the cause is 
usually the presence of discharge, which disturbs the equilibrium 
of the ossicular chain, or the presence of cicatricial bands, which 
by driving inwards the foot-plate of the stapes, increase labyrinthine 
pressure. But it is in chronic aural catarrh, and in otosclerosis, 
that tinnitus is most common amongst middle-ear affections, and 
in which it assumes its most persistent and distressing forms. In 
otosclerosis it is sometimes the only symptom complained of. It 
is nearly always the earliest, and frequently the most distressing 
symptom. In these conditions, when the tinnitus is variable or 
occasional^ the immediate cause is Eustachian obstruction. When 
it is constant, and is not influenced either by weather changes or 
by artificial ventilation of the tympanum, the immediate cause is 
either cicatricial contraction of connective tissue formations within 
the middle ear, which permanently cause increased labyrinthine 
pressure, or a secondary labyrinthine affection. The uniform 
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persistence of tinnitus in niiddle-ear affections is of bad omen. Its 
occasional presence, unless there be a very high degree of deafness, 
warrants a favourable prognosis. All tinnitus is due to an irritation 
of the expansion of the auditory nerve in the labyrinth, or to an 
irritation of the nerve itself, or to the auditory centres in the brain. 
The causes which have hitherto been considered, although intra- 
aural, are all extra-labyrinthine. The tinnitus caused is either due to 
mechanical pressure, to circulatory disturbance, or to reflex action. 
Primary labyrinthine affections are almost all attended by severe 
tinnitus. In labyrinthine apoplexy, the tinnitus is an immediate, 
a violent and a lasting symptom, though it is not usually so lasting 
as the deafness. In labyrinthine syphilis, the subjective noises 
are very intense, last indefinitely, and may give annoyance even 
after there is almost complete deafness. 

Tinnitus aurium may be due to tumours or abscesses within the 
brain causing disturbance of the auditory centres, or to pressure 
of bony growth situate at the base of the skull, and exerted upon 
the auditory nerve at some part of its course. The extra-aural 
causes of tinnitus are mostly reflex. The commonest path is by 
the fifth nerve from the mouth and gums in diseases of the teeth, 
and from the nose and pharynx. It is probable that tinnitus is 
produced in this way from more distant organs, such as the stomach. 

In none of these forms of tinnitus does sound — the usual 
stimulus of the auditory nerve — ^play any part. The symptom is 
therefore purely subjective. A symptom similar to tinnitus in 
character, but quite different in origin, because depending on sounds 
actually produced within the body, has been described as entoUc. 
It is purely objective, and depends on sounds occurring in structures 
contiguous to the ear. Such sounds are : the venous hum occurring 
within the veins in anjemia, most readily heard in those cases in 
which the jugular bulb is unusually placed upwards and forwards 
towards the tympanic cavity ; the pulsations of the carotid, best 
heard also when this vessel is displaced upwards and backwards 
towards the tympanic cavity ; the movements of air and mucus — 
files — in the middle ear and Eustachian tube ; and the contractions 
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of such muscles as the tensor veU palati and the tensor tympani. 

The long continuance of sounds of one pitch, even if these be not 

very intense, gives rise to more or less troublesome though temporary 

tinnitus. The writer has experienced it when testing deaf mutes 

with Galton's whistle and with the pipes of Bezold's continuous 

tone series. A patient of the writer's, only ten years old, had a 

clicking sound set up by practising on the piano. The cessation 

of practising for some days stopped the tinnitus, but it again 

returned when the exercises were resumed. It was ultimately 

necessary to give up the exercises altogether. The clicking was 

quite regular, and was quite without the control of the patient. It 

^svas only partially relieved by such medicines as the bromides. 

Such drugs as quinine and the salicylates are well known to 
give rise to distressing tinnitus aurium. Alcohol and tobacco have 
'the same effect. Tobacco probably acts as a toxic agent, and also 
oauses tinnitus by setting up hyperemia of the pharynx and 
Eustachian tube ; alcohol by producing disturbance of the labyrin- 
thine circulation, and by its toxic effects. Allied to tinnitus aurium, 
"but really of psychical origin, are aural hallucinations, in which 
voices, singing, and melodies are heard. These generally indicate 
some form of mental disturbance, but cases occur in which the 
patient is quite sound in mind. 

Subjective auditory sensations vary like actual sounds in 
pitch, in intensity, and in quality. They are described by patients 
as being like hissing, bubbling, whistling, rushing of water, ringing 
of bells, etc. They are not always disagreeable, being often musical 
in character. They are disagreeable chiefly because of their per- 
sistence and intensity. They are sometimes so intense as to cause 
the patient great distress, and often he states that were the sounds 
to cease, the deafness which so often accompanies them would 
cease. When slight, subjective sounds are often unheard, or at least 
are covered up by the actual sounds going on around the patient. 
Pre-occupation also renders the patient unconscious of the milder 
varieties of tinnitus. Subjective sounds are for both these reasons 
worse at night, and sometimes make sleep impossible. When high 
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pitched, tinnitus is said to denote an internal-ear affection, when 
low pitched^ an affection of the sound-conducting apparatus. This 
is a distinction which cannot always be drawn dinically, both 
because aural affections attended by tinnitus are often mixed— 
that is, consist of affections of both middle and internal earsr-and 
because in unmixed affections the rule involved in the above state- 
ment does not always hold. It would perhaps be truer to regard 
the pitch of the tinnitus as indicating the part of the cochlea 
which is disturbed, tinnitus of high pitch being due to irritation 
of the section of the cochlea next the oval window. 

The Prognosis in tinnitus aurium is good when the cause 
is in the external auditory canal, and when the symptom is the result 
of an acute inflammation of the middle ear. In cases due to an 
extra-aural cause, the prognosis is generally good. On the other 
hand, in chronic aural catarrh, in otosclerosis, and in most of the 
affections of the internal ear, e.g., haemorrhage, S3rphilis, etc., no 
promise of absolute cure should be given. Speaking generally, 
recent cases, even if the tinnitus be severe, can be cured ; obstinate 
long-standing tinnitus can less often be entirely removed. Tinnitus 
which varies with the weather, especially that which varies with 
the patency of the Eustachian tube, can be removed. Tinnitus 
which varies in intensity with the general nervous condition of 
the patient, is less amenable to treatment, though partial relief can 
generally be obtained. This type, which also varies with such 
external conditions as those of the weather, is generally due to circu- 
latory disturbance within the labyrinth, or to reflex causes, and is 
not governed by the conditions of air-pressure within the middle ear. 

The Treatment of tinnitus aurium is that of the condition 
on which it depends. The cause should be carefully sought out, and 
this involves not only a careful examination of the ear, but a careful 
study of the case as a whole. Reflex causes within the mouth and 
throat, and in the external auditory canal, should be removed. 
When there is disease of the middle ear, success in treatment will 
vary according as this disease is of recent origin or of old standing. 
In chronic aural catarrh, and especially in otosclerosis, the 
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symptoms may be so distressing that even operation on the middle- 
ear structures may be advisable. But the effect of such operation 
is not usually permanent. Some alleviation generally follows the 
careful regulation of the air pressure in the middle ear, the rare- 
faction of the air within the external auditory canal, and the 
movements of the intra-tympanic structures effected by pneumo- 
massage. In all cases of troublesome and obstinate tinnitus, it is 
well to proscribe entirely alcohol and tobacco. In neurotic 
individuals, whether there be middle-ear disease or not, the bromides 
give relief, but hydrobromic acid has not been followed by such 
good results in the author's experience as in that of many writers. 
Counter-irritation over the mastoid process does not give striking 
results. Any turbinated hypertrophy, especially if it interfere with 
the freedom of nasal breathing, should be surgically dealt with. 

DISEASES OF THE INTERNAL EAR. 

Labyrinthine Hasmorrhage (Meniere's Disease). — Exudation and 
haemorrhage into the labyrinth may occur as the result of various 
diseased conditions, such as hyperemia, meningitis, syphilis, etc., 
but when this occurs suddenly and unassociated with other discover- 
able lesions, the condition is known as Meniere's disease. In 1861, 
Meni^e described the case of a girl who suddenly became deaf, 
with symptoms of giddiness and vomiting, and died five days 
afterwards. The post-mortem examination showed the vestibule 
filled with reddish plastic material, whilst the cochlea was normal. 
The girl was healthy, but caught a cold at her menstrual period. 
Cases of this kind are not common, but have been noted often enough 
to warrant their being grouped provisionally as cases of Meniere's 
disease, although it is quite likely that in time the condition may 
be found to be due to causes so different, and so associated with 
other lesions, that the group as a separate one may disappear, and 
the separate cases be relegated to their proper headings. In the 
meantime, it is important to note that the so-called typical Meniere's 
symptoms sometimes occur where post-mortem examination demon- 
strates the labyrinth to be sound, and that the above described 
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bleeding and exudation sometimes takes place without any occur- 
rence of the above-mentioned symptoms. 

Regarding Meniere's disease as a labyrinthine apoplexy, the 
symptoms are dizziness, noises in the head, and great deafness 
coming on suddenly. There is sickness or vomiting, and symptoms 
of general collapse, the individual falling as if struck dovm, and 
losing or almost losing consciousness. The face is pale, and bathed 
in copious perspiration. When he tries to rise he staggers, and 
there is great deafness either in one or both ears, lasting for a long 
time or becoming permanently estabhshed. The further course 
of the disease is variable ; but unless there be relapses, the more 
acute symptoms — -vomiting, giddiness and pallor — begin to pass 
off in a day or two, whilst the deafness and tinnitus, especially the 
former, are more or less permanent, and in the worst cases permanent 
in the highest degree. There may also be staggering gait for a 
long time. 

Examination by speculum shows the middle ear and throat 
to be unaltered, whilst the testing of the cranial nerves, other than 
the auditor^-, puts a brain affection out of the question. If the 
examination of such organs as the kidney, the spleen, etc., and the 
other features of the case should prove an intercurrent nephritis or 
leukxmia, or if the examination of the blood show a pernicious 
anaemia, symptoms of Meniere's disease may be regarded as due to 
labyrinthine apoplexy, to which these maladies have predisposed 
the patient. 

Many aftections of the ear are attended by symptoms similar 
to those of labyrinthine apoplexy. Giddiness and tinnitus, with or 
without deafness, but with sickness or vomiting, are often referred 
to as Meniere's symptoms. Such symptoms may be due to a central 
nervous lesion, in which case absence of evidence of an intra- 
labyrinthine affection, absence of any objective evidence of middle- 
ear affection, should make the practitioner look for disturbance 
in the other cranial nerves or in the nervous centres in the brain 
itself. But the group of symptoms above described may be doe 
to a middle-ear affection, such as chronic aural catarrh. In this 
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case^ the symptoms are due to increased labyrinthine pressure, 
the foot-plate of the stapes being driven in by the retracted 
membrane, or by adhesive processes. In otosclerosis, the same 
symptoms may be due to the same agencies, but the bony growth 
may act independently by encroaching on the labyrinth. 

Anything which suddenly disturbs labyrinthine pressure may 
produce the symptom-complex. On one occasion, the writer, after 
extracting a loose necrosed stapes, produced all the symptoms very 
acutely by insufflating a powder into the ear by the small perforation 
through which the stapes had been brought, with almost no pain. 
Inmiediately there were giddiness, vomiting, tinnitus, and symptoms 
of general collapse, and in a few minutes violent diarrhoea. The 
symptoms passed off in a few hours, and the deafness — a feature 
of the case before the powder insufflation, but which was made 
worse by the operation — returned to its former condition in two 
or three weeks. 

In suppurative diseases of the middle ear, Meniere's group of 
symptoms follows any sudden extension of the disease into the 
labyrinth, for example, by the formation of fistulae into the vestibule 
or semicircular canals. Manipulations within the middle ear may 
bring about the same, or even severer, symptoms. In one case of 
the writer's, the syringing and dressing of the middle ear brought 
on a typical epileptic seizure. A commoner result of syringing is 
the production of giddiness. Within the external auditory canal, 
the presence of a foreign body may cause the group of symptoms 
under discussion. 

The Treatment of labyrinthine apoplexy is that by perfect 
rest in bed, cold to the head, mustard to the nape of the neck, and 
a smart purgative. The room should be darkened, and perfect 
quiet enforced. The diet should be light, cool, and of fluid con- 
sistence. Bromides of soda and potash may be tried as soon as the 
symptoms of collapse have passed off. Quinine has perhaps the 
greatest reputation in this disease, but the dose should not be over 
ten grains in the twenty-four hours. Iodide of potash in five- to ten- 
grain doses may be given, either alone or along with the bromide 



of potash. After several weeks, if there be still giddiness and 
deafness, pilocarpine may be administered, either by the mouth or 
subcutaneously, in doses of about one-sixth of a grain, with the 
view of helping absorption of the effused products. 

The treatment of the milder cases of Meniere's symptoms is 
that of the middle-ear affection on which they depend, or of which 
they are an extension. In non-suppurative cases, treatment is 
carried out at first through the Eustachian tube, and only if this 
fails, would division of folds of the tympanic membrane or bands 
within the tympanic cavity, or of the tensor tympani muscle, be 
warranted. 

Labyrinthitis. — Primary inflammation of the labyrinth has 
been described by Voltolini as occurring in young children. There 
are fever, flushing of the face, vomiting, delirium, convulsions and 
coma. Recovery takes place in a week or less, but deafness, usually 
total, remains. The symptoms are those of a meningitis, the chief 
difference from which is that the disease runs a much shorter course. 
Whether, indeed, these cases are not really cases of meningitis, 
remains for the present a matter of doubt. 

Secondary inflammations of the labyrinth are very common. 
The spreading of pathological processes to the labyrinth from the 
middle ear, when the latter has become the seat of chronic aural 
catarrh and otosclerosis, has been noticed (see p. 145). The path- 
ways by which pus reaches the labyrinth during the course of 
middle-ear suppuration, have also been noticed (see pp. 162 and 278). 

In these two classes of cases, the pathological changes are not 
the same. In the non-suppurative cases, the branches of the auditory 
nerve, and particularly those of the cochlear nerve, become atrophied. 
The gangUonic cells which occupy the spiral canal of the modiolus, 
and which give off the terminal branches of the auditory nerve, 
become, along with these ultimate nerve branches, shrivelled. This 
change is most marked in the branches given off to the first turn of 
the cochlea. In a purulent inflammation of the labyrinth, parts of 
the latter structure are more apt to be destroyed en bloc, leaving other 
parts more or less uninjured. Once pus has entered the lab5aTnth, 
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it does not confine itself to one division of it, and the cochlea is 
almost always involved, even if the introduction have taken place 
by a semicircular canal or the vestibule. The resulting changes 
are, in the event of recovery of the patient, the absorption of pus, 
the degeneration or organization of haemorrhages and inflammatory 
products, the replacing of nerve cells and endings by connective 
tissue and bone, and the destruction of hearing. 

The labyrinthine affection may be, in purulent inflammation, 
but the link towards an intra-cranial complication. On the other 
hand, the labyrinth, and through it the middle ear, may be attacked 
from the side of the brain. So far as the labyrinth is concerned, 
this must be accounted a common occurrence ; so far as the middle 
ear is concerned, a rare one. The anatomical changes which destroy 
hearing when the labyrinth is affected, by the spreading of a menin- 
gitis, will be best illustrated when discussing deaf-mutism, which 
in many cases is due to meningitis. 

The changes causing the deafness may take place either in 
the floor of the fourth ventricle, where the lining membrane may 
become the seat of purulent infiltration ; at the root of the auditory 
nerve, where fatty degeneration and atrophy may set in ; during 
the course of the auditory nerve, which may become degenerate or 
may get embedded in the exudation thrown out on the meninges ; or 
in the labyrinth, which may become the seat of purulent exudation. 
From the labyrinth, the purulent process may extend to the middle 
ear, the tympanic membrane of which may become perforated, 
as in a primary otitis media purulenta. As a rule, both ears are 
affected, and the hearing is permanently ruined. In a case of 
traumatic meningitis — the result of a fall — which came under the care 
of the writer, and which ran a very prolonged course, the hearing 
was destroyed in one ear, and the sight almost destroyed in both 
eyes, but there was no purulent affection of the middle ear. 

The most profound and striking effects of suppurative disease 
within the labyrinth occur during the course of scarlet fever, 
diphtheria, measles, and meningitis. The labyrinthine affection 
is generally secondary to middle-ear disease, or to a brain disease, 
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but may be simultaneous with these, and the symptoms of the ear 
affection are masked by the other acute symptoms of the septic 
process, of which the ear disease is only a small part. The 
symptoms of an acute secondary labyrinthitis are fever, giddiness, 
convulsions, and coma. If recovery takes place, the giddiness, which 
for a time may be evidenced by a staggering gait, disappears ; 
but the deafness is permanent. 

In the adult, it is in connection with the chronic rather than 
the acute purulent processes within the middle ear, that secondary 
labyrinthine suppuration most commonly takes place. The 
labyrinth in the adult is well walled in by a capsule of compact 
bone, and it is when some part of this capsule is worn through by 
persistent cario-necrotic processes, that infection of the labyrinth 
occurs. It is quite exceptional for the adult labyrinth not to be able 
to withstand a single acute attack, just as it is very exceptional for ] 
intra-cranial affections to follow acute middle-ear inflammations. 
The anatomical conditions are similar so far as the protection of the ' 
threatened structures is concerned. But the case is different in child- \ 
ren, especially in tuberculous children. Here, even in acute diseases, 
the labyrinth succumbs to the attack with ease (see p. i8g et seq). 

In chronic middle-ear suppuration occurring in adults, the 
labyrinth is more commonly involved than lias hitherto been 
supposed. The labyrinthine structures become infected through 
some breach in the bony wall. Hinsberg found that this fistula 
most commonly occurred in the horizontal semicircular canal, 
next in frequency by the fenestra ovalis, less frequently through 
the wall of the promontory, and very seldom by the two other 
semicircular canals, or by the fenestra rotunda. The destruction 
within the labyrinth may be very slight, and may be confined to 
one section of the labyrinth, such as the semicircular canal primarily 
involved. On the other hand, the disease may spread from 
one section to another, and in tuberculous cases is apt to 
destroy the whole labyrinth, which may come away in time 
as a sequestrum. Further extension may take place from the 
labyrinth to the cranial cavity, the commonest path for such infec- 
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tion being the internal auditory canal to the cerebellar fossa. This 
is a source of intra-cranial infection which is not generally recognized, 
and not carefully searched for by practical surgeons. But both 
meningitis and cerebellar abscess have been thus traced in some 
cases. It should be remembered that facial paralysis may result 
in such a case without any involvement of the nerve in the middle 
ear or in its descending part through the mastoid process, for the 
facial nerve passes outwards with the auditory nerve along the 
internal auditory meatus. 

The Symptoms of labyrinthine suppuration may be slight or 
very acute. Mere irritation may cause vertigo and nystagmus ; 
destruction of the labyrinth causes deafness, staggering gait, or 
both, according as the cochlea or the semicircular canals, or both, 
are affected. When death occurs, it is usually by meningitis. 
When recovery takes place, there may be deafness, or if only the 
semicircular canals be involved, little interference with hearing 
may arise. 

The Diagnosis of labyrinthine involvement in suppurative 
middle-ear disease is made, if internal-ear deafness rapidly or 
decidedly develop during the course of a middle-ear suppuration ; 
and less doubt exists if, along with the deafness, there be attacks of 
giddiness, of sickness, and of tinnitus. The similarity of these 
symptoms to those of cerebellar abscess must be remembered. 

The Treatment of secondary labyrinthine suppuration 
depends on the diseased condition from which it has arisen. In 
meningitis, in scarlet fever, etc., treatment so far as the deafness 
is concerned is generally a failure. Cold should be applied to the 
head, or local blood-letting may be adopted. After the acute stages 
are over, an attempt may be made to produce absorption of recent 
exudate by the administration of iodide of potash ; later still, 
pilocarpine may be used with a similar object ; but unless a fair 
amount of hearing is preserved, either in whole or in parts of the 
musical scale, persistent treatment, either by these measures or by 
electricity, cannot be expected to do good. 

operative treatment in acute secondary labyrinthine suppuration 
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attending the acute fevers or meningitis, can hardly be carried out, 
partly because in many of the apparently worst cases the patient 
recovers, though the hearing is permanently lost, and partly because 
even a successful exploration of the labyrinth would not remove 
the chief danger to the life of the patient, and of course would not 
restore his hearing. 

On the other hand, the operative treatment of suppuration 
within the labyrinth occurring in the course of a chronic middle-ear 
suppuration is not only justifiable, but gives the only rational hope 
of limiting the disease, and preventing the intra-cranial complication 
which so often develops and causes the death of the patient. The 
outiook is bad in any case, but it is distinctiy better if the lab3nin- 
thine abscess can be drained. The operation is the radical mastoid 
operation, the middle ear being thoroughly o]>ened up and the 
internal tympanic wall carefully examined for any fistulous opening 
from the cavity to the internal ear. If such be found, it may be 
widened either by a fine burr or by a curette. Granulation masses 
should be carefully removed, and the sinus followed into the vestibule 
or cochlea if required. 

Hinsberg thinks that whenever the lab>Tinthine suppuration 
demands operation at aU, the cochlea should be opened, for it either 
is, or will become, affected. He gives the following technique of 
the operations on the labyrinth : : i) Radical operation, the posterior 
wall ^facial spur^ being removed sufl5ciently to expose the region 
of the foramen ovale ; 2' Opening of the foramen ovale, and then 
y,it oponnig of the cochlea is intended removal of the promontory ; 
\,3^ Introduction of a probe through the oval window, and under 
Its ^uuianoo, ojvning of the vestibule from the horizontal canal 
aloui; its anterior cms, or under diriicult anatomical conditions 
from Ivhind A ohisol should not be used, a dne burr being safer, 
and \n jnwoovlini: downwards and forwards on the promontory, 
v\uv shoulvl Iv lakou that the carotid arter\-, which is sometimes 
abnonnalh hi^h, is not ir.^urcd, 

/\\v; '^K ^^ »^ ovaiuiuatK^n tends to show that a quiescent 
purulent intluun\atiou ot t5.o Libvr:n:h may be lit up by the 
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mastoid operation when the latter is performed for the cure of an 
obstinate middle-ear suppuration. This might be used as an 
argument against the use of the radical mastoid operation per- 
formed as a prophylactic measure. It is rather an argument 
for the more thorough performance of the operation, for the 
thorough exposure of the internal tympanic wall, and for the dis- 
covery and operative treatment of any sinus which exists in that 
bony partition. 

Syphilitic Disease of the internal Ear. — Amongst the more 
definite causes of profound deafness due to disease of the internal 
ear, must be regarded syphilitic disease. In any large clinique 
many cases occur, in which the deafness comes on somewhat 
suddenly, becomes very profound, and persists in spite of all efforts 
to remove it. In most of these cases there is no middle-ear disease 
to which the labyrinthine affection has become secondary — although 
in some such a connection exists — there is no question of meningitis, 
the symptoms are not those of a labyrinthine apoplexy, and there 
is no exanthem or other febrile affection to account for the appear- 
ance of the deafness. But there is a history of syphilis, and in 
many cases there is (either in the eye or in the teeth amongst young 
subjects) evidence that the patient has hereditary syphilis ; while 
amongst older subjects evidence of syphilis may be got, or careful 
enquiry may elicit an admission of infection. 

Diagnosis. — In syphilitic affections of the labyrinth, the 
deafness is the constant feature. This comes on pretty suddenly, 
or at least advances fairly rapidly, much more so than is usually 
the case in otosclerosis or chronic aural catarrh. Tinnitus, and 
even giddiness, may be well-marked symptoms, but are neither so 
uniform nor so intense as in Meniere's disease, and there is neither 
sickness nor vomiting. Unless there be a co-existing middle-ear 
affection, otoscopic examination may show nothing ; but co-existing 
middle-ear affections sometimes occur, both suppurative and non- 
suppurative. Similarly, the Eustachian tube may be swollen, 
the throat patched with specific ulcers, and thus the middle ear 
may show the objective phenomena due to these conditions. 




Inflation does not improve hearing, as it so often does in a recent 
middle-ear affection. Hearing tests show a labyrinthine affection. 
Bone conduction is much shortened, or has disappeared. Rinne's 
test gives a positive result, as in all cases where the labyrinthine 
affection predominates that of the sound-conducting apparatus; 
and when Weber's test is applied, the sound is lateralized, if at aB, 
towards the less affected ear. 

To confirm the diagnosis, evidence of syphilis should be sought 
for in the throat or the lips, and inside the cheeks and on the 
genitals. It is at the end of the second, or during the third 
stage, that labyrinthine syphilis most frequently develops, and 
it is most commonly seen in untreated cases. If evidence of 
secondary or tertiary phenomena cannot be obtained, the history of 
the case must be sifted most carefully. In women, a history of 
miscarriage or of a series of still-births may be got. In hereditary 
syphilis, the eyes and teeth must be carefully examined. In young 
people, a corneo-iritis associated with sudden or progressive 
deafness, for which no cause can be discovered in the naso-pharynx 
or middle ear, warrants a diagnosis of labyrinthine syphilis. In 
older people, the liability to otosclerosis must be remembered, 
and the diagnosis must be carefully arrived at. But here, again, 
the history of a syphilitic infection often comes to the help of the 
practitioner in the formation of his opinion. 

The Treatment of syphiUtic affections of the labyrinth is 
quite unsatisfactory, unless the case be seen in its very earliest 
stages. The treatment is that of the stage of the causative disease 
which is present at the time the deafness appears, viz., mercury, 
either by the mouth or by inunction in the earlier stages, a con- 
tinuation of mercury and iodide of potash in the later secondary, 
and earlier tertiary stages, and iodide of potEish alone in the sub- 
sequent history of the case. Some authors beUeve pilocarpine to 
be of special value in the early stages of labyrinthine syphilis. It 
may be tried for one or two weeks, but must not displace for long 
the treatment proper to the condition. 

HypersBmia of the Labyrinth This condition scarcely merits 
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description as a separate disease. It occurs almost entirely as a 
symptom of some more general condition, in which the labyrinthine 
circulation has been disturbed. People of plethoric habit are 
most apt to have this, as they are to have other circulatory 
disturbances. Any sudden effort, or a violent fit of coughing, 
sends additional blood to the head and face, and the labyrinthine 
veins get over-distended. The abuse of alcohol has a similar effect. 
Acute inflammatory conditions of the middle ear, and even of the 
external auditory canal, are attended by a dilatation of the 
labyrinthine vessels. Cerebral congestions and inflammations act 
in the same way. 

It is probable that the continued action of loud sounds, such 
as ultimately produce boilermaker's deafness, have as an early 
stage in the diseased process a hyperaemia of the labyrinth. Very 
loud sounds, such as explosions, heavy gun-firing, etc., produce 
an acute though temporary hyperaemia, or occasionally a labyrinthine 
bleeding. Unless the increased blood-pressure be very great, 
rupture will not take place ; and unless the increased pressure be 
very long continued, tissue change will not result. Rupture will 
be predisposed to by previous disease of the walls of the vessels. 

The disturbance of hearing caused by such drugs as quinine 
and the salicylates, is probably due in the first place to hyperaemia 
of the labyrinth. 

The Symptoms of labyrinthine hyperaemia are a feeling of 
fullness in the ear, giddiness, and tinnitus. If rupture of the vessels 
occurs, all the symptoms of labyrinthine apoplexy result. If the 
pressure be long continued, even though slight, permanent deafness 
without much giddiness or tinnitus will result, d.g., in boilermakers. 
Examination by the speculum displays nothing characteristic. 
There may be reddening of the tympanic membrane, and of the 
inner end of the external auditory canal. In the chronic cases, 
nothing is seen by the speculum, but, as in boilermaker's deafness, 
the upper tone limit is much lowered, and the bone-conduction for 
the tuning-fork on the mastoid process is shortened. In recent 
cases, where actual bleeding has not taken place, the symptoms, 



though severe, soon pass away if the cause can be removed. In 
chronic cases permanent deafness will result, though the tinnitus 
and the giddiness may cease to give trouble. When bleeding has 
taken place, deafness is permanent and often total. 

The Treatment of labyrinthine hypertemia is that of the 
causative disease. In rheumatic cases, where ear symptoms are 
present, such drugs as quinine and the salicylates should be avoided 
or used with great care. In plethoric individuals purgatives should 
be used, the use of alcohol interdicted, and the diet regulated to 
suit the general condition of which the ear symptoms are only a 
local evidence. If the symptoms be acute, local measures may be 
adopted. These consist of local blood-letting, the application of 
cold to the head or to the mastoid region, or the application of 
counter-irritants to the latter region or to the nape of the neck. 
Bromide of potash acts as a valuable sedative, and controls the 
tinnitus. Those who must be subjected to loud noises, should 
wear rubber sound-deadeners in the meatus (Figs. 28. 29, p. 85). In 
chronic cases, iodide of potash may be used with the object of 
promoting the absorption of any effused material, and pilocarpine, 
either by the mouth or hypodermically, with the same object. 

Ansemia of the Labyrinth, like hyperaemia, is rather a symptom 
of a more general condition than a separate ear disease. It follows 
great haemorrhages, such as that which sometimes attends child- 
birth, or it may be a consequence of a profound idiopathic anaemia. 

The Symptoms of this condition are subjective noises, the 
rhythm of which is usually that of the cardiac pulsations, giddiness, 
especially on sudden movement of the head, and deafness, especially 
when the patient is amidst noisy surroundings. To these the 
symptoms and signs of general anemia are added — paleness of 
the skin and mucous membranes, breathlessness on exertion, 
and great prostration. Haemic murmurs in the neck are often 
discovered, and are of course synchronous with the tinnitus, like 
the cardiac impulses. Neither otoscopic examination, nor testing 
by tuning-fork, give any very characteristic evidence of the nature 
of the condition. There may be deafness, and if this is the case, 
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it is more marked in the higher parts of the scale. The bone 
conduction on the mastoid process is diminished. The general 
condition of the patient and the character of the tinnitus, give the 
best grounds for forming an opinion. The prognosis is good if the 
cause is not pernicious anaemia. 

The Treatment of anaemia of the labyrinth is the treatment 
of the general anaemia of which it forms a part, and the drugs found 
to be most useful are arsenic and iron. Quinine, except in very 
small doses, should be avoided. Strychnine has a good effect in 
many cases. The diet should be liberal. 

LeukaBmic Deafness. — In a certain number of cases of leukmiaae, 
according to some authors about 10 per cent, well-marked aural 
symptoms appear — sudden or rapidly increasing deafness, sometimes 
with giddiness, tinnitus, and even vomiting and general collapse 
(Meniere's symptom -complex). Post-mortem examination shows 
that these symptoms are due to an exudation of lymph cells, or to 
haemorrhage within the labyrinth, and that in time organization 
of the effused material follows, with connective tissue formation 
and the occlusion of the lumen of the cochlea and semicircular 
canals by this connective tissue or by bone. In the severer cases, 
hearing is permanently lost, but in the slighter ones more or less 
improvement in hearing occurs. 

Deafness in Mumps. — The records of deaf-mute institutions 
show that profound deafness occasionally follows mumps. No cases 
of mumps have been followed by severe deafness in the experience 
of the writer, though he has seen several cases in which no other 
cause could be discovered, and in which the concurrence of the deaf- 
ness and that of an attack of parotitis seemed, from the history 
given, very probable. The deafness in these cases has been too 
profoimd to be due to any but an intra-labynnthine cause. 

Otalgia. — When pain is referred to the ear, and when neither 
otoscopic examination nor symptoms other than the pain point to a 
diseased condition of the organ of hearing, the condition is called 
otalgia. As a rule there is no deafness present. Such pain is 
usually either reflex in character, or it may be due to a true neuritis 
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of the nerves supplying the ear, such as those composing the 
tympanic plexus. Before describing a pain in the ear as otalgia, a 
thorough examination of the external ear, the external auditoiy 
canal, and the middle ear should be made. If no diseased condition 
of the canal be found (boil, exostosis, etc.), and if the membrane 
be normal in colour, curve, and lustre, attention must be directed 
to the structures round the ear. It is not uncommon for pain due 
to a rheumatoid arthritis of the articulation from the lower jaw, to 
be described as pain in the ear. Reflex otalgia is most conmionly 
due to carious teeth. Ulceration within the mouth, at the root of 
the tongue, on the tonsil, or in the larynx, may be the cause of 
otalgia. EpitheUoma of the tongue is often accompanied by pain 
in the ear in its later stages. Amongst general conditions attended 
by otalgia are rheumatism and rheumatoid arthritis (even when 
the articulation of the lower jaw is healthy), syphilis, and malaria. 
The pain of otalgia is usually intermittent, but when present it 
is very severe. It may be referred to the middle ear, or may be 
felt in the mastoid process — the latter more rarely. 

The first indication for treatment is the removal of any cause 
of irritation, such as carious teeth, ulceration about the mouth 
and pharynx, or any cause found within the external auditory 
canal (foreign body, ceruminous collection, etc.) If syphilis be 
suspected, or if there be evidence of rheumatism, iodide of potash 
and the salicylates should be tried. If there be a history of ague, 
moderate or large doses of quinine should be given. If no such 
taint as any of the above be found, and if there be anaemia, iron 
and arsenic should be exhibited. If the pain be very severe it may 
be necessary to prescribe some local anodyne, such as hniments 
of belladonna or chloroform to be rubbed into the skin round the 
auricle, or a hypodermic injection of morphia may be given. In 
obstinate cases counter-irritants such as iodine or cantharides may 
be applied to the mastoid process. 

Ear Trumpets and other Aids to Hearing. — It is too often the 
duty of the practitioner when dealing with ear disease, both in 
patients of advanced years and in middle life, to confess that he 




cannot hope to restore hearing, and to supply the sufferer with 
some form of ear-trumpet. On the whole, such appliances are 
not very satisfactory. Often they give no help at all, and even 
when they are of real assistance, the patient often rejects them 
because they are clumsy or conspicuous. 

Most of these instruments are collectors and conductors ol 
sound. Some are held by the hand to the ear with the bell-shaped 
collector directed towards the speaker (Fig. 58, A, D, F, G). Others 
are provided with a long tube, three or more feet long (B, C), the 
wider end of which is provided with a funnel-shaped receiver, 
which is held or placed by the speaker near his mouth, while the 
narrower vulcanite-tipped end is fixed by the deaf person in his 
meatus. One form of ear-trumpet fits both ears, and is fixed by 
a spring passing over the vertex (E). 

Another form is represented by the audiphone or auditory 
fan (H), the free border of which is held between the incisor teeth 
of the deaf person, whilst the convex surface is directed to the 
speaker. The bones of the head act as the sound-conductor here, 
and appreciation for speech is sometimes greatly Improved in this 
way, especially if the patient be a good lip reader. Artificial 
teeth interfere greatly with the result. It is in cases of chronic 
aural "catarrh and otosclerosis that these aids to hearing give the 
best results. In the deafness of chronic middle-ear suppuration 
the artificial tympanic membrane gives a better result than the 
ear trumpet. 

Electrical appliances advertised to make the deaf and even the 
deaf mute to hear have not established the claims put forward by 
their inventors and the manufacturing companies who advertise 
them. If those who face this problem would first study why the 
deaf, and especially the deaf mute, do not hear, much of the in- 
genuity displayed might be put to better purpose, and the public 
mind would not be disturbed by hopes which are certain to be 
disappointed. 



Chapter XL 

DEAF-MUTISM. 

Cause of Mutism in Deaf Children — Congenital and Acquired Deaf-Mutism — 
Etiology of Deaf-Mutism : (a) In Congenital Cases ; {b) In Acquired Cases- 
Symptoms of Deaf-Mutism — The Objective Appearances of the Middle Ear in 
Deaf Mutes — ^The State of the Hearing in Deaf Mutes — ^Testing Deaf Mutes 
by a Continuous Tone Series — The Distribution of the Residual Hearing in 
Deat Mutes and its possible Value in Teaching — The Morbid Anatomy of 
Deaf-Mutism — Prognosis in Deaf-Mutism — ^Treatment of Deaf-Mutism — The 
Education of the Deaf and Dumb. 



When a child is born deaf, or when very early in life he becomes 
deaf, speech is not developed as in hearing children, and deaf-mutism 
is the result. Speech, as ordinarily learnt and understood, depends 
on hearing. Exactly what amount of hearing must be present to 
allow of the development of speech, or on the other hand exactly 
what amount of hearing must be lost to endanger speech that has 
been recently acquired, it is not possible to state in figures. 
Roughly, it may be stated to be that amount of hearing which 
permits of the easy appreciation of conversational tones ; and that 
stage of deafness which prevents the development of speech, or 
which causes the loss of recently-acquired speech, has been called 
by the writer " Surdism.'' 

Deaf mutes are divided into congenital and acquired. The 
distinction is not strictly scientific, for the causes are often the 
same in the two classes of cases ; nor is it always easily drawn, 
for deafness coming on in the early months of life may be put down 
as congenital, while congenital deafness may be put down to an 
illness happening in the early months of life ; but it is practically 
useful, and no better classification has yet been offered. 
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The commonest cause of acquired deaf-mutism is meningitis. 
Even in Great Britain, where epidemic cerebro-spinal meningitis 
is rare, this is true ; in America and on the continent of Europe, 
where the epidemic form of the disease is common, the statement 
holds with greater force. Next to cerebral diseases, bv far the 
commonest causes of acquired surdism are scarlet fever and measles. 
If these two diseases be taken together, they cause in Britain more 
deaf-mutism than cerebral affections. Scarlet fever alone causes 
three times as many cases as measles. Taken together, cerebral 
affections (meningitis) and scarlet fever and measles, cause nearly 
60 per cent of acquired deaf-mutism in Britain. Next to these 
causes in order of importance, come two classes of about equal 
magnitude: falls and injuries to the head; and other fevers, such 
as enteric, typhus fever, etc. Falls and injuries to the head are 
often blamed for deafness which is really congenital, so that this 
class appears exaggerated in the statistics. Whooping cough 
accounts for a small number of cases. These definite causes make 
up about 75 per cent of our cases of acquired deaf-mutism, the 
other 25 per cent being divided amongst causes which either operate 
very rarely or are very indefinite. (^See Table, page 294.) 

A remarkable feature coming out in the study of this subject, 
is the rarity with which primary ear disease causes deaf-mutism. 
In young children suppurative ear disease is often tuberculous, and 
as we have seen, causes great damage to the middle ear, mastoid 
process, and even to the brain and internal ear; but it is to the 
rarity with which the internal ear is attacked, and to the fact that 
even when it is damaged, the mischief is unilateral, that we owe 
the insignificance of primary ear disease as a cause of acquired 
deaf-mutism. 

There is no doubt that hereditary syphilis is a definite and not 
uncommon cause of both acquired and congenital deaf-mutism. 
Some observers (Dalby, etc.), think it is a very common cause of 
the condition. Amongst 127 children at the Glasgow Institution, 
three cases of typically syphilitic teeth were found. On the other 
hand, the occurrence of sudden deafness in young people who have 
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-2i, -nagests that even earlier in life, before 
. -Xs "reen acquired, syphilis may destroy the 
-jt ieainess. 
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Symptoms. — The physiognomy of the deaf mute is not pecuHar. 
If he is not idiotic — and not more than two or three per cent of 
deaf mutes are so — he is as bright and intelligent-looking as a 
hearing child. Children who are '* backward " are common 
amongst the deaf, and are commoner amongst those whose deafness 
is acquired, than amongst the congenitally deaf. This is because 
in the former, the causative disease — oftenest meningitis — has 
damaged the brain as well as the ear. But this backwardness or 
slowness does not cause any special physiognomy, it is only discovered 
by the teachers when education has begun. The lack of power to 
acquire language in some congenitally deaf children who have a 
good deal of hearing, is probably due to developmental defect. 

The breathing of the deaf mute is peculiar. It is loud, noisy, 
and less under control than in hearing children. This is due to 
the fact that it is not heard by the deaf mute, and consequently 
no attempt is made to control its rhythm ; and also to the fact that 
post-nasal adenoids are very common amongst the deaf, and give 
rise to breathing which is noisy, and which, as in the hearing, causes 
a special physiognomy. 

The smaller head-measurement of deaf mutes has been noticed, 
and an explanation of it offered ; but this character can only be 
applied as a test to deaf mutes as a class, and not to individual 
cases. Microcephalous cases are not common amongst the deaf. 
When they occur, the children are more or less imbecile. 

Eye affections (chiefly corneal), post-nasal adenoids, tuber- 
culous enlargements of glands, etc., occur amongst deaf mutes 
very commonly, but these are due to the constitutional conditions 
which are present, and which may or may not have caused the 
deafness. The symptoms caused by them are not peculiar to deaf 
mutes, although the deafness may have to be taken along with 
the other symptoms, and both traced to a common cause, e.g., 
syphilis, tuberculosis, etc. 

Giddiness is seldom complained of by deaf mutes, and noises 
in the ear appear to be rare. When rotated for a time about an 
axis, to an extent which generally produces great giddiness and 



unsteadiness of gait in hearing people, most deaf mutes experience 
no giddiness, and are able to walk at once in a straight line, James 
and Kreidl, who called attention to this, attribute the immunity 
from giddiness here described, to destruction of the semicircular 
canals in these cases, and the inference seems a fair one. 

The Examination of the Ears of Deaf Mutes divides itself 
into the information got ; 1. — By ordinary otoscopic examination, 
and by the examination of the naso-phar>'nx ; and II. — By testing 
the hearing. 

l.~Oloscopic examination. — The results of this kind of examina- 
tion are well illustrated in the following table, which shoft-s the 
condition of the ears in 175 cases examined at the Glasgow 
Institution. 





Acquired 
Deafness. 


Congenital 
Deafness 


Doubllul 


Tottl. 


Membranes normal flmtli) 
Suppurative Otitis Media 

Changes indicating non 

auppiimtive Catarrh 
Unexamined 

Meatus too narrow for 
examination ... 


38 
34 


a6 
II 
33 


7 
3 


61 




81 


7a 


i» 


'75 
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Thirty-seven of the above had their ears plugged with ceru- 
minous masses and foreign bodies, such as pebbles, pieces of wood, 
bits of cotton-wool, beads, etc. The following are the chief facts 
brought to light by the otoscopic examination of the ear, and by 
examination oi the throat and naso-pharj'nx in deaf mutes. 



1. Many deaf mutes (from 30 to 50 per cent), fiave one 01 
both tympanic membranes normal. 

2. Many also show changes in the membrane — alterations in 
curve, lustre, transparency, thickness— similar to those found in 
hearing individuals, and which are not as a rule responsiblft 
for the deafness. These changes are for the most part due to thtt 
presence of enlarged tonsils and post-nasal adenoids, the lattw 
of which are very common amongst deaf mutes — probably to the 
extent of 60 to 70 per cent. 

3. A minority — ^at least 10 per cent — show evidence of 
or present suppurative disease of the middle ear. These occur 
amongst both congenital and acquired cases, but are found chiefly 
amongst those acquired cases due to scarlet fever and measles. 

4. Examination by speculum discovers no lesion, characteristic 
of acquired, as distinguished from congenital deafness. Discoverable 
lesions are commoner amongst the former than the latter, but 
many of the changes occur subsequently to the onset of deafness, 
the anatomical cause of which lies deeper than those parts which 
can be subjected to examination by mirror and speculum. 

The information got by otoscopic examination does not by 
itself, as a rule, define the immediate cause of the deafness in deaf- 
mutism, and is not for this purpose comparable with post-mortem 
examination ; but taken along with the history of the case, and 
the state of the hearing, it is often very important. On the other 
hand, it is of great practical importance in the treatment of the 
ear diseases of the deaf and dumb. The facts, that suppurative 
conditions are so common, and that tuberculous disease accounts 
for some of these suppurative conditions, render the discovery and 
treatment of active ear disease in the deaf mute imperative, both 
in the interests of the patient and of his associates. Further, these 
suppurative conditions sometimes give rise to attacks of acute 
mastoiditis, and to brain affections necessitating operation. During 
the year ending July, 1903, the radical operation for acute sj-mptoms; 
had to be done by the writer at the Glasgow Institution for th) 
Deaf and Dumb, in four deaf mutes. 





II. — Testing the Hearing in Deaf iV/wii!s.— Watches, acoumeters, 
whispered speech, and in most cases speech in conversational tones, 
are useless in the discovery of the remains of hearing in the deaf 
and dumb. Were this not so, deafness would not involve mutism. 
The clapping of hands, the ringing of bells, the loud shouting of 
vowels, and sometimes of consonants, elicit evidence of hearing 
from many deaf mutes. Stamping on the floor is a fallacious test: 
for appreciation of the molecular disturbance transmitted to the 
body and the bones of the head is no 
evidence of hearing. Whatever the 
tests used, they must be applied under 
the following conditions. 

When the voice is used as a test, 
the ears must be tested separately, 
and precautions must be taken against 
lip-reading. All very deaf people lip- 
read to some extent, and some, eveti 
the untaught, lip-read to a very great 
extent. The test words or vow^& 
should be pronounced either behi'^i'i 
the child's back, or his eyes shouaU 
be covered by the surgeon's haBnd. 
For the practical purposes of -•:he 
teacher, testing by the voice is by iar 
the most valuable method. If a ct».iJd 
cannot hear the sounds of the voice, 
it does not much matter what he hears 
above or below in the musical scale . 
For the demonstration of the presence of aerial hearing, tie 
writer has found a large hell the best instrument (Fig. 60). T"he 
bhndlolded child is made to count the strokes, deUvered singly or 
at short intervals. The appliance used is a large dinner bell, witti a 
spring tongue attached at the junction of the handle with thel>«ll, 
and so arranged that a violent shake produces a sound of gE-cat 
intensity. In the open air this bell can be heard at a distance 0/ 



^r--^ 



Fig. 60. — Bell lor Testing Hearing 
in Deaf Mutes. 



over 1,000 yards. Such a bell is not only capable of emitting 
very loud sounds, but being rich in overtones, represents a very 
large part of the musical scale. 

A single large tuning-fork may be used for testing for the 
presence of hearing in deaf mutes. It may be used either in the 
air or on the mastoid. Although the fork thus used brings out in 
a few cases evidences of hearing which have not been discovered 
by the voice, its use is very limited, because it represents only one 
tone without overtones, and because it requires a very intelligent 
deaf mute to appreciate the conditions of the experiment. On 
the mastoid, tremor is apt to be taken for sound. But for mapping 
out areas of hearing in the ears of deaf mutes, it will be seen that 
the tuning-fork is of special value. 

By the appUcation of the above tests for the presence of hearing, 
deaf mutes may be divided into the following classes. 

1. The stone deaf — hearing neither the bell nor the loudest 
shouting, nor the tuning-fork sounded in the air. 

2. Those who hear, and more or less distinguish, the loudest 
sounds, e.g., the voice from the bell. 

3. Those who hear and distinguish the sounds of the human 
voice. 

The stone deaf form 10 to 20 per cent of deaf mutes ; class 2, 
about 60 per cent ; and class 3, the semi-deaf, about 25 per cent. 
These results are based on the examination of 123 deaf-mute 
children, all having one or more year's tuition. The testing of the 
uneducated deaf mute as he enters the fnstitution is fallacious ; 
he does not understand the nature of the test which is being appUed 
to him. 

Distribution of the Residual Hearing in Deaf Mutes. — The 
above classification of deaf mutes on the basis of remaining hearing 
power, and the tests described, are sufficient for most practical 
purposes ; but a more exhaustive examination of the distribution 
of the residual hearing is of great interest, and sometimes of practical 
, value. 

The following cases show the distribution of the residual hearing 
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in 33 deaf-mute children, some of whom have been born deaf, 
while others have lost their hearing since birth. The tests used were 
Bezold's continuous tone series, made by Edelmann, of Munich. This 
series consists of fourteen tuning forks, two whistles or pipes, the 
pitch of which can be varied by means of a movable stopper, and 
the modification of Gallon's whistle, made by Edelmann {See 
J^igs. 23, 24, 25 ; pp. 70, 74, 75). The pitch of the forks is vjiried 
by movable clamps. The whole series suppHes tests ranging from 
16 vibrations per second to over 50,000 vibrations. The time 
needed for testing one child is about an hour and a half. It is 
possible to examine two or even three children at one time, but 
this means additional precaution to ensure accuracy, and prolongs 
the period of examination. 

The ears were tested separately, the ear not under examination 
being stopped thoroughly by a finger. The forks were struck and 
the whistle made to sound behind the child being tested ; and 
control tests in which no sound is produced were used to make 
sure that the answers were rehable. An experienced teacher, usually 
Mr. Addison (the Principal of the Deaf and Dumb Institution, 
Glasgow), was seated before the children, to interpret their 
appreciation for the tests used. 

Cask I.— Alex. McD., tel. 16. — Born Jeaf. Both tympanic membranes 
are somewhat retracted and dull, and the left tonsil is enlai^ed 

In the right ear there is a continuous hearing island from a \a e^, and in 
the left two islands from «' to ^ and from /* to a*. Hears but does no' 
distinguish vowels. Has no speech. 

Case II. — Robert McL., tst. 17. — Bom deaf, and has two deaf-mu, 
brothers. Both tympanic membranes retracted, the right chiefly above tl 
short process of the malleus, and the left in the membrana tensa, so that t' 
malleus handle is indrawn. 

In this case there is a single hearing island in the right ear, extending fr 
about e* to^, fully an octave. On left side a series of hearing islands exJ 
The lowest is from e' to^", then there is a gap till ^ is heard, then another 
of nearly two octaves to^', between which and (/' three small islands of hea 
e.\ist. Has no hearing for speech, and no speech. 

Case MI. — Lizzie C, eet. i6.—Satd to have been born hearing, b 







have become deaf at one year because of a fall which happened then, (It is of 
course quite possible she was born deaf, and the fall put down as the cause of 
deafness — only discovered at a later date^say when speech did not develop). 
Both tympanic membranes are retracted but quite intact. Throat normal. 

The chief hearing island on the right ear begins very low, Z?,, 35 vibrations, 
and extends to r", or nearly four octaves, then after a short gap there is a 
small island from /' to ^. On the left side the islands B to e*, and then a 
single note at b*. Has no hearing for voice. She has some, but little spei 
though her voice Is fairly well intoned. 

Case IV. — Jessie S., is/. iS-^Bom deaf , and with three deaf-mute brothers 
in the Institution. Both tympanic membranes are retracted, but intact, and 
the tonsils are somewhat enlarged. 

There is a single hearing island from B tog* on the right side. and on the 
left side an island of nearly an octave from ^' to «', a single note heard at c', and 
a rather doubtful island from g' to b*. Distinguishes the vowels a and 0, but not 
consonants. She reads easy sentences, and the voice is fairly well intoned. 

Case V. — Chrissie McI., eet. 15 — Bom deaf. Both tympanic mem9 
branes retracted, but the throat is normal. i 

The hearing islands are very small. On the right side there arc two, one 
from g'' to e' and a small one from /' to g'. On the left side there is only one, 
also from/' to^'. She has a fair amount of speech, and the intonation is fair. 
She has no hearing for voice. 

Case VI. — Samuel G, «/. 17. — Bom hearing. (Again the cause of deaf- 
ness said to have been a fall downstairs. But as this happened at four years, 
there is no reason to doubt that the boy was born hearing). Both tympanic 
membranes are intact, though perhaps retracted, and the throat is normal. 

There are txvo small hearing islands in the right ear, the lower from c* iog\ 
another from/ to c'. No scrap of hearing could be discovered in the left ear. 
He has no hearing for voice. He reads fairly well, but as his voice is breaking, 
its intonation cannot be judged of. 

Case VH. — McF., <et. 17. — Bom deaf. This boy is nearly blind, he has 
an old iritis, a very small head, and the appearance of being deficient intellectually. 
Membrane normal in both ears. 

He hears lower notes than any deaf mute amongst the thirty-three examined, 
■viz., G, = 24 vibrations. In the right ear an island extends from G, to G, and 
another from e' to e^, on the left an island begins at G, and extends to /?, then 
G is heard as a single note, then there is no hearing till we come to d\ 
where an island starts which extends to a\ He has not hearing for voice, 
nor speech. 

Case VIII. — James L., at. id.—Bom heating. In this case there is 

, palsy on the right side, some dischai^e with perforation of the right 
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tympanic. membrane. There is a mastoid operation fistula behind the left ear, 
and there is no tympanic membrane on this side. There are strumous scars on 
the right side of the neck. 

He has a very large hearing island in the right ear extending from G to ^, 
and in the left a still larger one extending from Ai to a*, then a gap to^^ which 
is heard as an individual note. This boy hears all the vowels, some of the 
consonants, but cannot distinguish sentences. He does not use his voice in speech. 
Case IX. — Alex. M., ^/. 16. — Bom deaf. The tympanic membranes are 
normal on both sides. 

On the right side there is only one hearing island, d^ to c^. On the left side 
there are two, the lower from ^* to *«•, and then rf* is heard as an isolated 
note. There is no hearing for the voice, and no speech. 

Case X. — Alex. M., at. 14. — Bom deaf. Both tympanic membranes and 
the throat are normal. 

There is one hearing island on the right side, extending from G to a*. 
In the left ear there are two islands ; the lower begins at B and extends 
to ^, the higher from f to al Distinguishes the vowel rf, but no consonants 
or sentences. He articulates fairly well, and the intonation of his voice is good. 
Case XI. — James G., cet. 14. — Bom /tearing^ became deaf at four years, 
from measles. On both sides most of the tympanic membrane is gone. The 
throat is normal. 

On the right side hearing has been almost entirely destroyed, the notes g^ 
and c^ being heard as small islands, but nothing else being heard . On the left 
side, three large islands of hearing have been left with short gaps between. The 
lowest island extends from G to ^^ the second from c^ to ^, and the third from 
d^ to d^. This boy has no hearing for voice, but he reads with fair distinctness, 
and the intonation of his voice is very fair. He is described by the teachers as 
a semi-mute. 

Case XII. — Martha S.. cet. 12. — Said to have been bom /tearing, but to have 
lost hearing at seventeen months. This is just when a child begins to speak, and 
when congenital deafness is often first discovered. That the cause of deafness 
is congenital, is supported by the facts that the middle ear and the throat are 
normal, and that the hearing islands are exactly alike in both ears. 

These extend from c^ to c^, one on each side. Distinguishes the vowels a 
and ^, but neither consonants nor sentences. Her reading is said to be good, and 
the intonation to be very good. 

Case XIII. — Chrissie McL., cet. 14. — Bom deaf There are two otfiers 
in this family deaf and dumb, and at present in t/u Institution. Both tympanic 
membranes are normal, and the tonsils are slightly enlarged. 

On the right side the hearing islands are extensive, reaching from A^ to a\ 
with the exception of a single note g^ which cannot be heard, then there is a 
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Case X[X, Donald McA., «/. 14.— 5om deaf, and Itas two dtaf-muU 
sisters in the Institution. Both tympanic membranes are normal. 

There is only one hearing island in each ear, a larger one on the right side, 
and a very small one on the left side. The right island extends from G to f*, 
and the left one from e to a. It is doubtful if there is any hearing for voice. 
The amount of speech is small, and the intonation poor. 

Case XX, A. Y., at. 14. — Said to luixie lost luaring at ten months 
from mrtiingitis. The left tympanic membrane is reddened, and there is a 
depression in Shrapnell's membrane suggestive of an old perforation ; the left 
membrane is normal, the tonsils are enlarged. 

There i^ only one small island on the right side, extending from^ to </', 
and two on the left, the lower from g^ to ir", and the upper from g^ to b'. There 
is no hearing for voice. The reading is poor, the voice is high and squeaky, and 
the intonation poor. 

Case XXI, Robert McN., est. \i.— Brother and fatlui's uncle both 
deaf mutes. Both tympanic membranes are normal, and the tonsils arc 
enlarged. 

There arc two hearing islands on the right side, the lower one from (^ to/; 
and the upper consisting of a single note only, c'. No hearing could 
discovered in the left ear. except a small island at c'. There is no hearing fo^ 
the voice. The reading and the intonation are fair. 

Case XXII, Geokoe G, <eI. i^.^Bom hearing. The right memi 
is normal, The left ear was affected by chronic suppurative inflammaliorii' 
during the course of which an acute mastoiditis developed, and the radicali 
mastoid operation was performed in the Institution. 

On the right side there is a very long island extending from D to rf'. Iq^ 
the left ear no hearing could be discovered. There is no hearing for voice, th^ 
reading is poor, and the intonation poor. 

Case XXIII, BE,SSIE H., at. 13. — Bom hearing. Lost hearing from 
scarlet fever at three years. Right membrane retracted and dull, and with 
perforation in the antero-inferior quadrant Left membrane retracted and dull, 
with a scar in an tero- superior quadrant. Tonsils nearly normal. 

There is a single hearing island on the right side from c' to </', on the left 
side two islands from D to a', and the upper g' to c\ All the vowels are 
distinguished, and the "explosives" among the consonants, but no sentences. 
She reads moderately well, and the intonation is very fair. 

Case XXIV, Agnes C. — Born deaf. Has a sister (in the Institution) 
a deaf mute, and an imbecile cousin. Both tympanic membranes are normal, 
and the tonsils are pretty large. 

There is a hearing island on the right extending from c* to * , and on the 
left side a nearly parallel island from c" to «", and below this 
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Case XXXI, William H., at. 12. — Born deaf. There is a scrofulous 
scar in the neck. Both tympanic membranes are normal. The tonsils and 
pharynx are somewhat thickened. 

There are two extensive hearing islands on the right side, the lower one 
from G to a', and the upper one from ^* to ^ . On the left side there is one 
\oii% island extending from G to a®. In this case all the vowels are dis- 
tinguished, most of the consonants, and many monosyllables. The reading is 
very good, and the intonation very good. 

Case XXXII, James M., (bL 13. — Born hearing. Deafness said to be 
due to scarlet fever at two years. The right membrane is normal, the left has 
traces of old suppuration, but though scarred, is now intact. 

There are two hearing islands on the right side, the lower one extending from 
G to^', and the upper one from c^ to a^. On the left side there are two smaller 
islands, the lower one extending from G to rt\ and the upper one from c^ to c^. 
In this case all the vowels are distinguished, also some of the consonants, and 
some sentences. The reading is very good, and the intonation very good. 

Case XXXIII, Hector D., cet. 12. — Had suppuration of the ears before 
time of speaking. Has hazy corneae. Has discharge from right ear, and a 
perforation in the right membrane, in great part destroying it. The left 
membrane is for the most part gone, and adherent in its remaining parts to the 
internal tympanic wall. The throat is a little thickened, and he has a nasal 
catarrh. 

There are two co-extensive hearing islands, one in each ear, their limits 
being from r* to a . All the vowels are heard and distinguished, as well as 
some of the consonants, and some simple sentences. The reading is good, and 
the intonation good. 

These pupils were selected on a very simple plan. Mr. Addison 
began at the top of the school, and came downwards, till thirty 
children had been tested. He then suggested that he might 
bring two or three cases of special interest, because he knew they 
possessed a good deal of hearing. The ages of the children are from 
12 to 17 years, with the exception of one who is only 10 years. 
Examples of these hearing islands have been put in a chart 
{see p. 302). 

The chief points which emerge from a study of these cases are : — 

1. None of the cases of acquired deafness has any deaf-mute 
relative. 

2. Amongst the deaf-horn cases there are 16 deaf-mute relatives, 



or an average of one each, and these are nearly all closely related 
to the child in each case. 

3. None of the cases of children born deaf has total absence 
of hearing. An island (or islands) of hearing is present in every ear. 

4. Amongst 15 acquired cases, there are 6 quite deaf on both 
sides, and 2 quite deaf on one side, so that of 30 ears there are 14 
in which not a vestige of hearing exists. 

5. When the hearing islands in 15 congenital cases are added 
as they occur in the chart, a total of 70 inches is got. When the 
hearing islands of 15 acquired cases are added, a total of 65 inches 
is got. But as 14 of the 30 ears have no islands at all in the acquired 
cases, it would seem that where islands do exist in acquired cases, 
they are on an average much larger than in congenital ones ; in the 
above cases nearly twice as long. In none of the congenital cases 
does otoscopic examination discover any gross destructive lesion 
of the middle ear, such as large perforation, or loss of ossicles. In 
12 of the 15 acquired cases there is either loss of the whole or part 
of the tympanic membrane and ossicles, or scars of perforation 
which have healed. 

Morbid Anatomy of Deaf-mutism. — The objective examination 
of the ears of deaf mutes shows that every part of the hearing organ 
which can be inspected during life, may appear normal in a case of 
total deafness. The converse statement, that every part which can 
be so inspected may appear abnormal consistently with good hear- 
ing, is a truth known to every aural surgeon. 

Writers on deaf-mutism have spent much time in bringing 
together all the post-mortem examinations which have been made 
of the temporal bones of deaf mutes. Many of these examinations 
are incomplete, not having extended to the inner ear at all ; in many 
the microscope has never been used ; the number in which a clear 
cUnical history together with a careful examination of every part of 
the ear and of the auditory nerve and brain is accessible, is stUl small. 
Pathologically, the distinction between congenital and acquired 
deaf-mutism breaks down. Clinically, it is convenient, but with 
the exception of the small number of cases due to malformation 
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on the one hand, and to the equally small number due to 
recent suppurative changes on the other, the morbid appearances 
found in the ears of deaf mutes show nothing characteristic as 
between congenital and acquired cases. Often, unless helped by 
a clinical history, we should be unable at a given autopsy to say 
whether the deafness was congenital or acquired. The results of 
the most careful post-mortem examinations show : — 

1. That acquired deafness is usually due to disease of the 
internal ear, which has spread by the middle ear, and caused 
inflammatory changes involving destruction of the membranous 
labyrinth and of the nerve structures which it supports ; the 
labyrinth in these cases may be destroyed either in whole or in 
parts. In a smaller number of cases the attack has been delivered 
from the side of the brain ; and more rarely still, the damage to the 
inner ear is due to a primary labyrinthitis. 

2. In congenital cases, the changes on which the deafness 
depends are not essentially different from those described above, 
except in the cases which depend on arrest of development or 
malformation. They consist in obliteration of the normal nervous 
structures by inflammatory new formations — chiefly osseous. It 
is not possible to estimate the proportion of cases due to malforma- 
tion, but it is undoubtedly smaller than was formerly supposed. 
After a series of years, it cannot be decided whether a given structure 
has never existed, or has been obliterated. 

Prognosis in Deaf-Mutism. — With regard to Ufe, the prognosis 
is good ; with regard to hearing, bad. Within the Institutions the 
death-rate amongst deaf-mute children is as low or lower than 
amongst the better-to-do classes of the cities in which these institu- 
tions are placed. This is due to the excellent hygienic arrangements 
which prevail in these establishments which, as we have seen, 
produce physical conditions in the deaf mute of the best kind. 
When these children leave the Institutions, they become handicapped 
in the struggle for existence. Derived as they are for the most 
part from the poorer classes, and being further handicapped by 
their defect, they die in larger proportion than hearing people, of 
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those diseases the predisposing causes to which are bad fee 
poor housing, and insanitary conditions generally. For the 
reason, they do not compare favourably with hearing people i 
matter of longevity. Deaf mutes with chronic suppuration ^ 
the temporal bone, are liable to the special risks which attend 
condition in hearing people, viz., mastoiditis and intra-ci 
complications. 

With regard to hearing, the prognosis in deaf-mutism is 
bad. The causative disease takes place in very early childho^ 
is congenital, and probably always involves the internal ear. 
nasal conditions may contribute to the deafness, but are nc^ 
chief cause. Politzer narrates a case in which hearing de\r^ 
between the third and sixth year ; and the writer has desert 
case in which hearing developed somewhat between the ages <: 
and twelve years, when the removal of post-nasal adenoid 
followed by further improvement in hearing and speech. Wl 
speech will survive the loss of hearing, depends on various fa^ 
the extent of the loss, the age of the child when hearing is 
and the efforts which are made to keep up speech after he 
is lost. Generally, if total deafness occurs before seven or 
years of age, dumbness results. 

TREATMENT OF DEAF-MUTISM. 

Except in those cases in which there is active middle-ear dis 
or in which the naso-pharynx or the pharynx is diseased, 
treatment is useless. Enlarged tonsils and adenoid vegeta 
should be removed, if they are well marked, for the general h 
of the child will benefit in this way, and his articulation wi 
much better than if these cavities are left untouched. If the hi 
of the case warrant the opinion that the deafness is to any e: 
of middle-ear origin, inflation by Politzer' s method should be : 
to follow, for a period of several weeks, the operative treat 
in the naso-pharynx. Suppurative disease in the middle ear si 
be treated in the ordinary way, and carried out till all disc 
from the middle ear cease. 
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^ ^^pted in the way of dealing with the residual 

a^^ 'Sl^^^Xi ^^^ deaf, will be discussed under the next 

~— ^^"*"*r\V^ ^'tion." Attached to every institution for 

^-^^,^^ should be a competent aurist, whose duties 
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all new pupils admitted with regard to the 



"ViV^ ^ of hearing, and in conjunction with the teachers, 
^i=i ^ ^ test method of education for the individual child. 



i^gcOV&^^^V^ Suppurative ear conditions till healing and 

^ ^T->v^ *^aree be attained. The examination on admission 
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^^gn bodies and ceruminous collections in the external 



also middle-ear affections and naso-pharyngeal 
'^—^'^^ testing the hearing, except in the semi-deaf, 
^::^.j^^^^poned till the end of the first session at school, as 
Admission cannot appreciate the nature of the test. 



|P ^t Yx Education of the deaf and dumb. 

3_sU »^^\^ been said that the education of the deaf and dumb is 

alof* - ^"A/- *^ pedagogues, and that otologists should leave it severely 

^ov ^X\\.. ^^Vi this opinion the writer has never been able to fall in. 

50 ^^^v - *^ the deaf child seldom quite deaf, but deaf children 

it\teU\^ *t\ other respects, e.g., with regard to eyesight, general 

fitt&<i -c ^^e, etc., that it is impossible to regard them as all equally 

itia-t Wi ^"y ^"^ method of treatment ; and so to classify them 

otO\(^ , ^ t)est shall be made of them all, requires the study of the 

-^.^t, as well as that of the teacher. 

pr^ ^Vo great methods of educating the deaf are in use at the 

"le*!,^*^ day: the silent method, and the oral method. The silent 

,■1 ^^<i is based on writing as its chief means of expressing the 

--, ^ghts of the deaf person, and when writing is not available, the 

^^t method substitutes signs and the finger alphabet. The oral 

^^thod trains the eye to take the place of the ear in appreciating 

speech. The deaf person follows the movements of the lips and 

tongue of the speaker so closely that he is more or less successful in 

vemig what that speaker says ; and although he himself hears 
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to teach by the auditory nerve. The percentage is calculated bv 
the time during which a fork is heard by the deaf child, compared 
with that during which the same fork is heard by a healthv ear. 
Something must depend on the intelligence of the child, but with 
less than lO per cent of hearing it is not worth carrying on the 
education of even an intelHgent child bv the auditory nerve. Even 
with this amount of hearing, in an intelhgent child, teaching by 
the auditorv nerve alone will be whollv insufficient. 



Bezold has suggested, and Koller carries out, a combination 
of the acoustic and oral methods, which seems destined to take 
a permanent place in educating the deaf. No hearing trumpets 
of any kind are used, but the teacher speaks loudly into the child's 
ear, whilst the latter watches the movements of the former's lips 
in a mirror held in his own hand (see Fig. 63). Thus the eye and 
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ear are both engaged in deciphering what the speaker says, 
f^d it often happens that where the eye fails the ear succeeds, and 
^^e versa. At Munich, about 20 per cent of the pupils are trained 
"^ this method, and their speech is very good ; much better than 
"^stt of the corresponding pupils who have no hearing, but who are 
^stined on the oral method. 

The use of the mirror in teaching articulation and lip-reading 
not new. It was introduced by Hill, a German teacher, about 
middle of last century, and is in use in many German and British 
*<^liools ; but the combination, as above described, in oro-acoustic 
- >cercises, is new. 

Another application of the oro-acoustic method of training 
t^^xe semi-deaf is that associated with the name of Urbantschitsch 
^C Vienna. This otologist tests the hearing of deaf mutes by a 
harmonica " or concertina, which can be made to emit strong 
Sounds of short duration, or weaker sounds of longer duration, 
the range being from the lower notes of the musical scale to the 
higher notes used in music (about five octaves). As an accurate 
test of the limits of residual hearing the harmonica is inferior to 
the continuous tone series of Bezold, for the harmonica is rich 
in upper partials ; but as a practical test of the presence of hearing 
for certain notes, the harmonica is of use. Having discovered the 
presence of hearing by the harmonica, Urbantschitsch tests the 
deaf child with vowels and consonants, and if these tests are posi- 
tive, with words and sentences. A series of graduated hearing 
exercises is then used for the semi-deaf, which according to this 
author results in a development of hearing power, and which, 
whether this view be accepted or not, results, hke all acoustic 
training when combined with oral training, in a greatly improved 
articulation on the part of the semi-deaf. 

The writer has seen Urbantschitsch demonstrate his method, 
and has watched its application in the Jews' Deaf and Dumb School 
in Vienna, and at the new provincial institution at Wiener Neustadt. 
The exercises are carried out for half-an-hour daily ; long 
sittings, especially at first, being followed by fatigue of the auditory 
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emphasized lip>-movements, and the deaf mute reads their lips 

we . Witr\ liVie outside world it is quite different. The average 

^^^itVier distinguishes what the average citizen says, nor 

^"^^rage citizen make out what the average deaf mute 

, ^ ' ^ ^^a.t after he leaves school, the average deaf mute falls 

. , , " '^^'^rie form of sign-language as the means of communicating 

j.,^ ^^Atside world. 
r ,, ^^^ond question, as to the effect on the mental development 
which t » °^ ^^^ °^^^ ^^ against the finger method, is one about 

oral m ^^"^^^^s of the deaf cannot agree. The advocates of the 
, I ^*^od state that under the pure oral system, intelligence 
hilst -fr\-. ^'-^rther and more rapidly than under the finger system, 
- ^j^p *^e advocates of the finger system maintain that the opposite 

1 neu,^ ^■'^ming that mental development and the power to use 

, I r-*~^^ develop equally under the two systems, the orally-taught 

, ■» ^^^ leaves school in a better position to communicate with 

. - ^^ring world, than does the finger-taught deaf mute. But 

i^-. ^*» except in the case of the semi-deaf, in most cases fall back 

• •v ^ Use of signs and writing to aid his speech, when communicating 

liis hearing fellows throughout his after life. In his inter- 

. *^S« with other deaf mutes he will also use signs very largely. At 

.^'^ch and at public meetings the speaker will largely use signs in 

'■dressing him, and except that the signs used are less conventional, 

"^^ therefore more expressive, he will be much more like the finger- 

^^^aking deaf than is usually supposed. The writer, who has seen 

^^a.f-mute teaching carried on in Frankfort, Munich, Vienna, 

*^t"esden, Berlin, and Hamburg, and who has conversed with many 

^^achers in these cities, has also seen the rehgious services of the 

^dult deaf in Germany, and has talked with the adult deaf there. 

^A'hilst inclined to teach by the oral system wherever this can be 

<^arried out, he is quite sure that in later life pure oralisra is the 

exception, and that most deaf mutes to a great extent use signs 

and writing to aid them in communicating with each other and 

with their hearing fellows. 




3« 








FORMULARY. 






^ 


^ 






8- 


».- 


-Acid. Carbol. Liq. 
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To 


relieve the 
;ll-pmtecied 


itching due to ectema of the external 
cotton-tipped probe, and spread ovci 


■ the wITls 


canal. To be 
of the canal. 


mtrodircd 


Kor 
inio ihe 


9. !l— Sodii Bicarb. - 

Glycerini 
Aqua. 

■ ear, after iv:irmitiK the solutioii. Remove by syringe aflci 


gr. X 

1 

rops mom lag 
iB-o days. 


and mghl 






10. 


H- 


-01. Carbol. 










Inlroducf h 


no 


ihe ea 


ir for the expulsion of insects. 










To 
gmnul:.! 


be used 


II. R.— Spt. Vin. Red. 

.. after careful rleiinsing of the middle 


car. for tlie tomrol of 


estibcrani 


To 


be used 


12. 


11- 
above 


-Acid. Horac. 
Spt Vin. Reel. 
■ indicated. 






X 




To 


be used 


13. 


above 


-Kesorcin 
Spt. Vin. Rect. 

: indicated. 




ii 


XX 




To 
lyinpani 


be used 
c cavity 


14. H. — Zinci Sulph. - - g""- 
Aqua- - - - ■ ij 
, after wanning, for the stimulation of the granulations, i 
in which no cario-necrotic patches arc discoverable. 


n a slowly liCiling 



15. li. — Liq. Hydrogen. Per 
To be used as an eai-baih. oier a period of 3 

of loosening lough masses of discharge. The 1 
which should be warmed. 

16. IJ. — Argenti Nitratis - gr. v 

Aqu.t .... "ij 
.■\ fen drops to be instilled into the ear, for a period of 5 minutes before syringins, 
in obstinate cases of discharge where the pcrforalion is large. The silver should be 
removed by means of fi/iiiii warm water. The treaimeni should not be repeated oftener 
than once a week. 

17. IJ. — Cocaiiue Hjdrochlor. - - gr. xx 

.Aqua: - - - - ad T>\] 

within the lympanic 
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18. ft.— Menthol 

Acid. Carbol. 

Cocainae Hydrochlor. aa gr. xv 

To be painted over the tympanic membrane, or introduced through a perforation into 
the tympanic cavity two minutes before an operation on the middle ear. 

The solutions used as instillations and ear baths should, with the 
exception of the spirituous solutions, be used warm. The warming may 
be effected either by standing the bottle containing the solution in a bowl 
of hot water, or by pouring the solution into the ear from a spoon which 
has just been removed from hot water. The patient should lie on his side 
with the affected ear upwards. 

19. ft. — Acid. Carbol. - - .^j 

Aluminis - - oj 

Glycerini - - 5J 

Aquae - - ad Jvj 

Gargle for use in inflamed conditions of the throat when ear complications are feared, 
or have become established. To be used with an equal quantity of warm water. 

20. It — Sodii Bicarb. - - ^ 

Sodii Biborat - - 5J 

Sacch. Alb. - - ad Jiv 

For the removal of crusts and other collections of mucus from the nose. A teaspoonful 
to a teacupful of warm water to be used as a nasal douche. 

21. Insufflations. 

After the middle ear has been cleansed, if the discharge be slight, 
powder may be blown in. The best are Boracic Acid ; equal parts of 
Iodoform and Boracic Acid ; Aristol ; lodol. All such powders must be 
removed by the syringe at each dressing, and the ear carefully dried before 
fresh powder is introduced. Iodoform often, and Boracic Acid sometimes, 
excites eczema. 

22. Lotions. For use with the Aural Syringe. 

The best of these are warm solutions of Carbolic Acid 1-60, of Boracic 
Acid (saturated solution), or of Bichloride of Mercury 1-3000. If the 
discharge be tough and flaky, it is well to use an ear bath of Hydrogen 
Peroxide first (See Formula 15.) 

23. A normal, or rather a physiological saline solution is made by 
dissolving Chloride of Sodium in boiled water in the strength of 75 %. 
It is used when the operator's object is to remove discharge from the middle 
ear, which has been already made as aseptic as possible, and when it is 
desirable to avoid injury to grafts. 

21A 
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Injections by the Eustachia 


n Tube. 






2+ 


11.— Sodii Bicarb. 
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R. — Vaselini Liq. steril. 








26. 
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27. B. — Potass, lodidi 
Aqua= 
Five to lo drops of any of these solutions be i 
Eusmchiiin catheter. 


- gr. viij 

- ad 5j 
niroduced, after warming, 


by 


the 



28. P'or the relief of tinnitus (in a< tion to the internal treatment 
bj' the Bromides, Hydrobromic Acid, etc.), i ounter-irritants may be applied 
to the mastoid process. 

29. Caustics may be applied to the middle ear. 
In addition to Nitrate of Silver already referred to (Formula 16) as 
an car-bath, the best of these are Chromic Acid and Trichlor-acelic Acid, 
which may be applied through a vulcanite speculum on the end of a firmly- 
made cotton tip, and the effects of which can be immediately stopped by a 
current of warm water. 
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STEREOGRAMS 
I— III. 





The squamous portion and the upper part of the petrous haii« be 
removed by a saw-cut passiisg from above and behiaa (be exlem«1 e 
obliquely forwards and inwards. Tlie anterior walls ot the exlerul audile 
meatus, tympanic cavity, and Eustachian tulie have also been remnn 

{Hiinlirian sficimtn). • 

A. Mastoid antrum, 

B. Part of tympanic attic. 

C. Vestibule with bristle in it. 
n. Eighth nerve in internal auditory meatus. 

E. Cochlea. 

F. Carotid canal with bristle tied in U. 

G. Eustachian tube with bristle tied in it. 
H. Tympanic ring, 
K. External auditory meatus 
N. Auditory ossicles. 




Stekhogram II. —The 



The stereogram sUowf 



rtilaginc 






(A) External auditory meatus: above it (B] the helix with T>m.rynaft 
tubercle (C) well-m»rlied -. in front of and slightly overlapping the e 
auditory meatus lies (U) the tragus. The deep concavity (E} at (Hfl 
bottom of which the meatus lies is called the concha, and this is bom 
above and posteriorly by (F) the antihelix. The anlihelin divides 
upper extremity into two ridges which enclose (G) the scaphoid fossa,^ 
while its lower extremity terminates in a prominence (H) the anlitragiUj I 
The notch (I| between tragus and antitragus is called the incii 
tragica. The lowest part Ij) of the auricle, in which the helix loses itsdfij 
is called the lobule and is devoid of cartilage. 



SrEHEOGHAM 111.— VsUTICAL SECTION 



) Behind {Amtsrior Hai^p), 




The left temporal bone and external ear oF an adult divided in « pla: 
passing through the external auditory meatus, rather bntiind its centre, and n 
quite transverse to the head, the inner end being a little further forward than II 
outer. (HB«(rM\,« V«i««). 



A. Tympanum, with o 

shown, 
II. Stapes in position, wil 
C. Aqueductus Fallopii. 
D Horizonlal semicircu 
E. Vestibule, 
r. Internal meatus. 
G. Antrum mastoidei, 
H, Hollows in external m 
iTE— The " isthmus" or i 



m of membrana tympani ' 
e filling the fenestra ovalis. 



in which foreign bodies often lodge 
t part of the caoal is well se«a in 






X -•: 




STEREOGRAMS 
ly—yi. 





Sterbooram v.— Vehtical Skction op Right Tsmpokal Rose. 

Made in a plane parallel to and three-quarters oF an inch in fro 
the upper border of the petrous portion. A wedge-shaped porlion ha: 
been removed Irom the cut surface, to show the mastoid anirum. 

A. Mastoid anirum with the aditus to its tore part. 

B. Mastoid cells. 

C. Short process of malleus. 

D. "Cone of light," 



f RiOHT Temporal Bonb in a Yoitho Sdbject. 




The specimen shows (he membrana tympani concave on Ibe outside, 
handle of malleus and cone of light The mastoid is small bat its cell: 

seen to be very lai^e and of the pneumatic type. 

A. Cone of light. 

I). Handle of malleus. 

B. Mastoid cells. 

C External meatus. 



^ 



STEREOGRAMS 



VII— IX. 




A saw-cut has been made to pus IhrouRh the maUmd p 
of the right temporal bone, paraUel with the side of the head. 
diploelic cells are seen to form the bulk oi the mastoid pi 
Hardly any of the cells are larger than a pea. 

Tbe specimen also shows well the litiea tetnporalis (A) 
marks for the ope»ior the flimr of tbe middle fosu of ihe 
linea temporalis and the mastoid cells, above and t 
the external auditory meatus, are seen Hcole's spine (B) ani 
supraspinous fossa. The anterior wall of the external auditory ti 
(C) (the tympanic plate formed from the lympanie ring) is well 
and its proximity tu the articular surface for Ihe lower jaw ) 



,1 VIII. 



-Pnei 




Vertical s. 
cells (P) lo be 
auditory meali 
natural posilio 



I 



ion through a left temporal bone shuwinit the n 
f very large site. The saw-cut passes through Ihe ta 
close to the membrana lympani, which la seen 



The conical appearance of the membrane is well shown wllh tiu 

(A) occupied by the tower extremity of the handle of tbe mailed 

umbo), Al Ihe upper extremity of the handle is a well marked p 

(B) the short process of the malleus The bone has been broken soin 
imraedialely above and in front of the membrane ; and Ihe leller (C] 

e of tbe Eustachian tube into tbe tympanum. 




Stereograh IX. — Ebdrnatbd Mastoid Process. 

The masloid has been divided by a saw-cut through its i 
passing obliquely from the tip upwards and backwards. 



The cells (A) thus expose 
case larger than a pin's head, 
seen (B) immediately internal t 
through it. 



i are seen to be of very small s 

The groove for Ihe aigmoid Mm 

I the line of seciion, which panes 



STEREOGRAMS 

X—XII. 




A. Membrana tympaiii closing bottom of external meatOB. 

B. Tympanuin. 

C Cochlea, with bristle passinf; forwards and upwards to 
vestibule. 

wall of tympannm hf 



aqueduct US Faliopil. 




: E«R TKOM Behih 



A. Articular surface on head of malleus. 
Superior ligament of malleus is also shi 

B. Aqueduclus Fallopii. 

C. Cochlea. 

D. Tendon of tensor 1 

malleus. 

E. Handle of malleus. 
FF. Hollows in eilernal 



P. Parotid gland. 
The hairs in the outer end of the a 



ipani passing across tympanum to 
ealus in which foreign bodies often 

: well seen In this specii 




-Dissection (Second View) to 
This is the same specimen : 



itow THE Whole Organ op Heaking. 
No. 1, viewed from above {Hunlirimn tft 



A. Mastoid antrum, 

B. Part of tympanic attic. 

C. Vestibule. 

D. Part of eighth nerve in internal auditory meatu 

E. Cochlea. 

F. Bristle in carotid canal. 

G. Bristle in Eustachian lube, 
K. External auditory meatus. 

M. Tendon of lensor tympani muscle. 

N. Head of malleus, 

I. Incus (long process lying in aditus ad anlram). 



A briat^^Msses bet 



between malleus and ii 



STEREi A MS 



xn 



I 



STEREOGRA MS 

XIII— XV. 




A. Inturnal auditory n 

B. Sigmdd sinus. 

C. AijiiecJucias vesiibuli. 

W. W. Wire follawing the course of ihe 
(acia] nerve, but emerging ; 



t XIV. -Vkhtical TiusavKHSB Si 




A. Fenestra ovalia. 

B. Pro mon lory, 

The fenestra roluinHa is obscured by Ihe promontory CT 

the position in which the photograph is taken. 

C. Aqiieduclus Fallopii shown in two positions, owing ta ihc : 

having passed ihrongh Ihe "knee." 

D. First turn of cochlea. 

E. Second turn of cochlea. 

F. Tympanic aliic. 

G. External meatus. 




Stereocrah XV,— Vehticai, Transversr Skcxios THKOOCH R|i 
Mastoid Process showinq trb Mastoid Antrdm (A) and - 



B. Posterior semicircular canal cut across. 

Notice the thinness of the plate of bone 
separating Ihe mastoid antrum from the 
middle fossa of the skull. 



i 



STEREOGRAMS 

XVI— XVIII. 




STBKKoaRAH XVr.—HoBtumTAL Sbotiom of Tkufokai. Bomk t^cui s 
Upper halt of Lemporal bone, the lower half of which is shown in No. X 



G. Glenoid fcKsa. 

M. Attic of lympanum. 

C. Canal iot leasai tympani muscle. 

K, Cochlea. 

I'' F. Bristle in aqneduclus Fallopii. 

I. Outer [«rt of internal meatus, 

S. Bristle in superior semicircular canal. 

P. Posterior semicircular canal. 

Note that this unites with above, and that they coniintHI | 

as one canal belween S and the vestibule V, 
E, External <or horizontal) i^emicircular canal, the plat 

which has lieen cut obliquely by the plane of section. 
A. Anirum ma.'^toiiiei separated from M by a bridge of baM'J 

forming the floor i>l the adilus. 
H. External meatus. 



\M XVll — LowEH IUlf of Temporal Bone (RtG 
It almost horizontally through il about the junction 



of upper atul middle third 




Vestibule. 

Edge of oval window lying above promontory. 

Aqueductus Fallopii, 

Part of horizontal semicircular canal. 

PArl of posterior semicircular canal. 

Floor of mastoid anirum. 

Cochlea. 

First turn of cochlea, cut across. 

"Cellar" of tympanum or " hypotympanic rece 

Eustachian lube. 

Sigmoid sinus. 



iBAM XVIII. —Day Specimbn v 




be 



receding from tip of long process of which can 
the stapes with its foot plate in ihe fenestra 



ovalis. 
Antrum mastoidei. 
Eustachian lube. 
Carotid canal. 
Promontory. 
Fenestra rotunda. 
External meatus. 
Mastoid process 



STEREOGRAMS 



XIX— XXI. 




n ol right temporal bone. The s: 

lo the side of [he head removing the 

[us and opening the cochlea, but pasiiing c 



Facial canal opened 



anterior pact of the 



Upper end of the canal for tensor tympani muscle. 

Fenestra rotunda. 

Pro mon lory. 

■'Allic" of lympanum 

Cochlea. 

Hcnle'a spine with supra-spinous fossa behind it. 

n and around the fossa a 



Stkriogkam XX,— 1 



Tympanic Wall Exposed. 




Section lo show the internal tytnpatiic i 
saw-cut has beeii made down to the tympanum 
been separated by laleral movemeni of the saw. 

A. Fenestra ovalU 

B Fenestra rotunda. 

C. Facial canal. 

D. Carotid canat. 

E. Promontory. 

F. Bony wall of external meatus. 

G. Upper part of canal for tensor t 



XXI. — Same i 



In these two specimens the saw-cut has been made a Utile 
further bacli than in the precedinR one (No. XIX) and the 
adilus is thus seen behind the fenestra ovalis leading up to 
the antrum mastoidei. 



STEREOGRAMS 

XXII— XX/K 




iod parts and membraoa lyrapani removed 
mgh ihe external auditory meatus in their natural positions. 

(A) Handle o< malleus with (B) short process and (C) umbo. Behind, 
and slightly more deeply situated, lies (Ul the long process of the incus. 
Arching bacliward [rom the lip of this process, a fold of mucous membrane 
can be seen which cavers the tendon of the stapedius muscle as it passes 
forward la the neck of Ihe stapes. The posterior edge of the notch of 
Rivini is well marked, and from it can be seen, arching forward to the 
short process of the malleus, a ridge (E) which is the fold of membrana 
tympant representing [he border of Shrapoell's membrane, and containing 
(he posterior pari ot the chorda tympani nerve, which leaves it at aliDut 
the middle to pass forward between the incus and malleus. On the middle 
of the internal tympanic wall can be seen (Fl the promontory: behind this 
is the foramen rolundum (G| : white in the dark recess [H} lies the 
liustachian tube; within its upper angle Ihe prominence caused by Ibe 
canal for the lensor lympaui muscle can be seen. 



SlEHEOCBAU XXIII. KiGBT TBMPOKAL BoNE. 

The upper and anterior parts of the tympanic ring have been removed, and a probe has been placed in Ihe 
Eustachian tuf>e. The position of the ossicles is wet! shown, lying, as ihey do, with the greater part of them in Ihe 
allic oi the tympanum and above the level of Ihe upper wall of the external meatus. 

A. Handle of malleus. 

B. Short process. 

C. Umbo, 

D. Long process of incus receding from Ibe lip of which are ihe crura 
of the slapes, the view of posterior cms being covered by the 
tendon of the stapedius muscle, which is well seen as it passes 
back to the apex of the pyramid, 

E. Chorda tympani nerve, 
P. Promontory . 
G. Foramen rolundum. 
H, Eustachian lube with probe in it. 
1. Head of incus articulating with head of malleus fM]. 




XXIV.— TvMPANic Memhbane 

Vertical section through length of petrous and mastoid porti 
urse in order lo show the 



*ND Ossicles from the Inside. 

□ns of temporal bone. The section fallows 




I the tympanic membrane (C), 



A. Malleus wiih iis handle attached i 
which 15 viewed from the inside. 

B. Incus with i(s short process lying in ihe aditus ad antrum. 

D. Antrum opened. 

E. Mastoid and mastoid cells. 

F. Tensor tympani muscle lying above the Eustachian tube, and with 
lis tendon passing forward lo base of handle of malleus. 

G. Part of carotid canal. 



STEREOGRA MS 



xxv—xxyii. 




The mastoid antrum was (itsI opened luid iheo the 
■' bridge " of bgne torminx the outer wall of ihe aditiu 
was removed. The mastoid cells were then ablated back. 
wards and downwards towards Ihe peripherj- of ihe mastoid 

A, The facial ridge is well shown, the dense bone form- 

ing it contrasting well with the looser texture of the 
ntasloid in its neighbourhood. The wedge-like shape 
of the cavity formed (the ihick end of the wedge 
being al the aninini) is also well illustrated. 

B, The circular opening in Ihe bone behind the masloid 

indicates the silualion for trephining id cases of 
cerebellar abscess. 



All three semicircular canals have been laid open 
[lie posterior (A) and superior (B) are easily recognised froir 
llieir positions, the external (C] lies obliquely between Ihi 
two. The facial nerve (D) represented by a bristle, in seei 
at first within the middle ear, but alterward« passing back 
wards and downwards within the opened Fallopian canal 
towards the stylo- mastoid (or.iraen. Within the middle e.u 
a small ring of the bony canal has been left, and belou 
the opened part of the canal is seen the oval u-inijow (U), 
The canal for Ihe tensor tympani muscle (F) is seen passing 
downwards towards ilie Eustachian tube. The mastoid 
emissary vein is represented by a piece of knotted string |G| 
which projects from the foramen about three-quarters o{ 
an inch behind the lip of the mastoid process. 



STEfiEO<;H.\M XXVII.— X-Ray Stkheocram of the 
Temporal Bone. 

A wire (W) has been passed along the Fallopian canal 
from Ibe stylo-mastoid foramen, and brougbl out at tb« 
hiatus Fallopii. A Stacke's guide (G) modified so that the 
beak oi it is turned in a horizontal plane (i.f., one parallel 
to that of the handle} through a small angle (say lo*'— joj, 
is placed in position in tlie aditus. 

The picture shows the beak of ihe gtiide protecting the 

The general structure of the temporal bone U «el] 
shown, c g , mastoid cells at C. Notice that no pan of the 
temporal bone is free from celli eiLcept the squamous portion. 



5 TEREOGRA MS 



xxyiii—xxxi 



Stbrbouraii XXVIII. — Metal Corrosiok Cast of LABVitiNTii. 



I Benin 







M. I(ilerna.1 meatus. 

A Vestibular branch of auditory nerve. 

5. Superior, (P ) posterior, and (E.) external (or boriionta]} semi- 
circular canaLs. 

N. Descending part of facial nerve, 

] Jacobson's nerve situated between carotid and jugular. 

C. Lowest turn of the cocblea. 



StEKEOGit-Mi XXIX.— Metal Corrosion Cast i 



I Labvbintb. 







M. Internal meatus 

A. Vestibular branch of the auditory nerve. 

S, Superior, (P.) poalerior, and (E.) external semicircular canals 

N. Descending part of the facial nerve, 

K. Knee of facial, from which is given off the i^vat superficial petrosal 

branch of the Vidian nerve. 

J. Jacobson's nerve. 

Ca. Carotid canal. 

C. Lowest turn of cochlea. 



f XXX— Wax Comic 



Left Tempohal Bone, viewed i 




and (C.) external (or horizontal) semi arc ular 
descending part). 



A. Superior, (B.) poster 

N. Facial nerve (the letter points to the nerve i 

G. Knee of facial nerve with ganglionic enlargei 

K. Point of origin of Vidian nerve (great superficial petrosal branch). 

M. Internal meatus. 

D. Cochlea (the letter poinls to the first turn). 

Ca. Carotid artery (the letter points to the bend of the artery) 



; Left Temporal Bone. 




Knee of facial from »hich the Vidian ner 
pelroaal branch) 

ratal portion and (D) descending 



; comes off (great superficial 



, . „ vertical portion of facial 

The bend between (H) and (D) is the part situated at the 
in of the floor and inner wall of the aditus. and so is liable 
r) in iLinoiing the bridge" in the radical operation. 



ind (E ) external (or horizontal) s 



^ 



' . t- 



-:■ 3*' ^\'^ Ij^'^ "^-^"^'.^PT'^^ 



»Hi 



« . 
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STEREOGRAMS 

XXXII— XXXV. 




—Tub Left Temporal Bone i 
Q SoaA«o' 



Petro-Mak 



{HimtitiaK ifnimtn), 

Squavous Portcon (S) with tympanic rins (R} attached. 

poini of union is marked by a brislle (B) in Ihc notch of Riv 
Petro- Mastoid Portion. 

P. PrDmoniory. 

E Eustachian lube. 

O. Fenestra ovalis. Immediately above and behind this in 
(FJ the facial ridge, 

A. Adilus ad antrum. The outer wall has been removed. 

^J Antrum mastoidei already well developed, althaugh the re 
the mastoid is praclieally non-existent. 

R. Fenestra rotunda, almost hidden by promontory. 



Sill.— TrTK Left Temporal Bone or a Child at Birth Macbhated. 

{HanlniaH ipiiimn.) 
Promontory, 
Eustachian lube. 
Lower opening of aqueduclus Fallopii .\ brisile placed in this canal to show 

course of facial nerve is seen emerging from the opening. 
Squamo- mastoid suture siill patent. 
Tympanic ring. Note that this rlnR is not complete at its upper part. This 

persists as the notch of Rivini The ■■ mastoid process " is still undeveloped. 



Stereogram XXKIV,— Dissection or thb Left Temporal Bonb 

Middle Ear, (Hunttrian tpicimtH.) 
M. Head of nudleus. 
Handle of malleus. 
External ligament of malleus. 

s gracilis, enclosed in the anterior ligament o( malleus. 




r A F<BTD» TO Show thb Strdcturbs 



This 



malleus afterwards becomes enclosed in the Glaserian Gss 

broken in the attempt to remove the malleus. 
S. Squamo- mast Old suture still patent. 
1. Incus. The chorda tympani nerve passing between this and the malleus cat 

difficulty be seen in the stereogram. 
R. Tympanic ring in process of formation. Note the complete absence of a n 




Stereogram XXXV,— Three 
Ossicles (Malle 



Mehbrana Tvmpani 

) Incus) from Inside, {Huiitmait). 



B. Malleus. 

C. Eustachian tube (outer wall). 

D. Tympanic ring. 






5 TEREOGRA MS 



XXXVI— XXXVIII. 



%« 



aCVI— The Org 



1 FiSTus (Hitnteriiin iptci—tn) 



"%^y^l' 



Exlernal meal us 

Membrana tympani wilh conical appearance jual aa *n adult. 
Uul wilhout Ihe handle of malleus shining ihroiliKh, 

s continuous in iia upper and posterior pan with the meatal 
siial angle found here In the adult. 




iBREoc Middle and Inteknal Ear, 

^' lailory nerve injected. [HunUiiaa ip 

uJ of malleus with a black brii 
ow the an i.c Illation. 

itus, (A bnstle can be seen behi 
le stapedius muscle). 

E. Adilus leadii^ up to the atitrum. 

F. Cochlea 

G. Auditory and lacial nerves together 

fianying [hem. 

M, Capsule of labyrinth composed of 
C, Eustachian lube. 



injected artery accom- 



Stbrbocram XXXVIII -DissiiciioN 




or THE Middle i 

i, articulated wilh 



I Intbenal Ear (Lbf 



I FROM Above. 



Malleii 
EmerKing belwet 



the ii 



s and malleus, and obscuring the long process of the 



malleus, is a bristle (C) against which the chorda tympani nerve is v 

D. Middle ear or tympanum. 

E Cochlea well shown with, at its base, the branch of the auditory nerve entering it. 

G Bristle lying on floor of internal meatus, which ha.s been unroofed and shows the 
auditory uerve dividing into two main branches, the cochlear and the vestibular, 
which latter is seen again dividing into two before it enters the vestibule (F). 

M. Stapes wilh its fool-plate in fenestra ovalis. the upper wall of which has been 
removed. Between this and (K), which is placed in the mastoid antrum, is seen 
a bristle (N| inserted into the vertical part of the Fallopian canal, the 
horizontal part of which has been removed. Immediately to the outer side of 
this lies the floor of the aditus ad antrum, while between it and Ihe foot-plale 
of the stapes is situated ibe "pyramid" from the apex of which emerges the 



II 



STEREOGRAMS 



XXXIX— XL//. 




:]i^ 



StKRKoonam XXXIX — Bony Cochlea Opened to show Spiral Lamina. 

j\, lleBinniog of firsi turn with hoot. shaped end of spiral lamina. The txmlns 
ni Ihla pari is very broad and almost touches the outer wall of the 
canal By comparing the next two turns (B and C), which are smaller 
than (A), with (A), il will be seen that the breadth of the sfriral 
lamina decreases as it ascends in greater proportion than does the 
sectional arra of the canal. This results in the gradual increase of 
the distance separating the outer edge of the spiral lamina from the 
outer wall of the bony canal, until at the helicoirema [siluaied in 
(C) but not shown in stereogramj ii becomes a maximum Cf. PUli II, ^ 
Scbem* of Cochlea. 




Stvkeuoram XL.^Wax Cobrosion Prepj 

A. Superior semidrrular canal. 

B, Posterior semtorcular canal. 

C- Exiomal (or horiioatml) semicirciiLir i 
D. CochlM 

P. Fenestnt ovalis IcMlliig lo veMibole. 
M. Internal ntcaiius. 
The haduatal put d dw f*cU] canal 
drcaUr cuul (C), bni h hu b 



' Intbrkai. Ear. 



1 (F) and Ihe eiternal s 






NL1 — DtssBCTioH or Bokv LABvKiNm (Lsft Sidb) vieveii fbom Ixmr Side. 
.K. Superior semkirculu' canal opened- 

D. IV<in( where postcHtv semkircnlu caaa\ ujaxts with fcnicr. Fan of this 

canal can be s«en in the snraofnM Uu«ag4) tbe aicfa of |A|. 
R. Exienul (or bontootall seauciimlar canal 
C. C<v)il«a. opeoed. The colamelU and sfnal laniaa ai« ii«ll )Acnra. 

E. Vcslibale, (UK^ieaed. 



XUI.-TaE A~ 






STEREOGRAMS 



XLiri-^XL y. 




Stereogram XLIII.— Fhi 






A. Incus with its short process directed along the aditus ad antrm 

B. Head of malleus articulating with head oC incus. 

C. Os orbiculare and head of stapesr 

D. " Emineniia arcuata." the prominence caused by the superior 

E. Antram mastaidei. 

F. Mastoid and mastoid cells. 




Stsrkocrau XLtV. — Epithblioma of Adriclb. 
The small growth is seen in the scaphoid fossa. 



.*^^ 




A. 1. bu e e fo med bu i a d on jnd a pa 

en > o e ng he mea us 

R. B' To noiiues of i age h a nc m n of he x 

described by H s a. ak g pa n c ma on of 

he p ana B s p oba.b he nidue ar ug f ora 

Meckel s ca age h ch ou^h o I a e fo med he agus, 

bu has na ead become a bed o he a f med f at] 

he pa z he obu h ch a Sf f om he second 

o H odean a h 



M. 



U 



on he r 






STEREOGRAMS 



XL VI— XL VI I L 



Stbrbocram XLVIl. — Frost-bite of Pinna. 

The greater pad of the hetin has been destroyed, sod scarring extends 




I XLVIIl.— Thau; 



: Oth^cmatoma. 



r pan of the scaphoid fossa, . 
This picture should be compared with Slereograin II. 



Blood tumour filling the 1 
overhanging the concha. 






.^' 






STEREOGRAMS 

XLIX—LI. 



> 



Stbrbograh XLIX. —Shrivelled Ear 
The resull of an otbajmatoma occurring m_sn insane woman. All the pinna, eicepi Ihe lobule, is involved 



\ 



Stereogram L. — 5hf)1 
Occurring In insane man. The soaphoid (ossa, and surrounding parts are the seat of the les 



Stereogram LI.— Median _Longitiidi 
latomical deparlment of Glasgow universil 




Section of Head. 
niversity. {Photographed by permission of Dr. Cldand). 

A. Corpus callosum with left lateral ventricle below 

B. Calloso-marginal fissure. 

C. Falx cerebri (only a rim left). 

L. Superior !onj;itudinal sinus opened. 

H, Torcular Herophili. 

D. Tentorium cerebelli and straight sinus. 
Pb, Pituitary body. 

4lh V. Fourth ventricle with pons and medulla in front 

G. Pineal gland. 

r. Left frontal sinus with incomplete lamina dividing 

it from its fellow on the right. 

E. Sphenoidal 
S.M.I. Superii 






i inferior turbinated bodies 
hanging the corresponding n 
extremity of Eustachian lube. 






STEREOGRAMS 



iJi—Liy. 



Stbrbocrau LII.— Nose and Adjacent Parts shou Stebbograu LI. 
[For cUicription see Stereogram LIII.) 



i . 



' NosB TO SHOW Eustachian Cathcter i 
mi spectmtH as No. I.I.) 




Lefl (rontal sinus 
Superior middle and i 



iferior turtdnated bodie 



Moulh of Eustachian tube. 
Soft palate and uvula. 
Sphenoidal cell. 



{Specimen prepared by Dr. W. K. Hiilluii.) 

The bulk of the calhcler is hidden by ihe nasal septu 
the tip being in the tube. The hand holds Ihe catheter w 
the ring pointing to the eye of the palienl. 



